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FOREWORD 


This  report  was  prepared  as  a  supporting  technical  docvunent 
for  Bulletin  No.  136,  "North  Coastal  Area  Investigation".  Two  other 
office  reports  -v^ich  are  associated  with  Bulletin  No.  I36  are  entitled, 
'Project  Hydrology"  and  "Designs  and  Cost  Estimates".  The  separately 
bound  appendixes  to  the  main  bulletin  are: 

Appendix  A  -  Watershed  Management  in  the  Eel  River  Basin 

Appendix  B  -  Recreation 

Appendix  C  -  Fish  and  V/ildlife 

Appendix  D  -  Related  Reports  (included  in  the  main  bulletin) 

Appendix  E  -  Engineering  Geology 

In  the  main  bvilletin  the  emphasis  is  on  concepts,  conclusions 
and  recommendations  rather  than  on  reporting  of  data.  Many  eiltemative 
plans  of  development  were  analyzed  during  the  investigation.  The  plans 
presented  in  Bulletin  No.  136  were  selected  as  the  more  favorable  of  the 
alternatives.  This  office  report  was  prepared  in  the  interest  of  pre- 
serving basic  information  and  the  analyses  pertaining  to  various  North 
Coastal  area  developments.  Part  I  of  this  report  presents  discussions, 
diagrams,  maps  and  tables  relating  to  the  various  plans  for  the  North 
Coastal  streams.  Part  II  presents  further  information  on  the  alternative 
projects  by  means  of  graphical  illustrations  and  detailed  explanations. 
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PART  I 

ALTERNATIVE  PLANS 


CHAPTER  I.   INTRODUCTION 

With  the  publication  of  Bulletin  No.  I36,  the  Department  of  Water 
Resources  concluded  the  seven-year  reconnaissance  phase  of  the  continuing 
North  Coastal  Area  Investigation.   The  need  for  this  investigation  arose 
from  the  conclusions  of  Bulletin  No.  3,  "The  California  Water  Plan".  That 
docxmient, which  culminated  ten  years  of  study  by  the  Division  of  Water 
Resources,  the  predecessor  of  the  Department,  concluded  that  there  is,  in 
fact,  sufficient  water  in  California  to  satisfy  the  State's  long-range  water 
requirements  if  the  available  resources  are  wisely  controlled,  conserved, 
and  distributed. 

With  the  recognition  that  much  of  the  future  water  requirements  in 
the  State  would  be  met  from  North  Coastal  supplies,  it  was  apparent  that  a 
planning  framework  was  needed  to  assure  that  each  new  project  in  this  area 
represented  a  logical  and  orderly  increment  in  long-range  development.  The 
basic  need  was  to  translate  the  broad  planning  concepts  reported  in 
Bulletin  No.  3  into  a  workable  plan  of  staged  project  development. 

Program  Objectives 

The  objective  of  the  North  Coastal  Area  Investigation  is  to  formulate 
plans  for  the  optimum  development  of  the  water  resources  of  the  region, 
considering  all  jxDtential  purposes,  including  anticipated  local  and  export 
water  supply  needs;  enhancement  of  fish  and  wildlife  resources;  development 
of  hydroelectric  power;  development  of  water-associated  recreation  potential; 
and  protection  against  floods.  The  specific  objectives  of  the  reconnaissance 
phase  of  the  investigation  were: 

1.  To  formvilate  a  comprehensive  planning  framework  through  which 
the  water  resource  potential  of  the  North  Coastal  area  can  be 
integrated  with  California' s  expanding  economy  through  orderly, 
staged  development. 

2.  To  identify  and  outline  the  essential  features  of  the  initial 
additional  conservation  facility  of  the  State  Water  Project  in 
the  North  Coastal  area. 


3.  To  determine  for  the  succeeding  incremental  sources  of  major  water 
supply  In  the  North  Coastal  area  jxassible  plans  for  development, 
the  logicsil  sequence  of  development,  the  order  of  magnitude  of 
associated  capital  Investment,  and  the  sccLLe  of  project  accomplish- 
ments. 

k.  To  evaluate  the  potential  for  integration  of  hydroelectric  power, 
flood  control,  recreation,  and  fisheries  and  wildlife  enhancement 
with  the  works  of  the  major  water  conservation  facilities. 

5.  To  identify  problem  areas  that  will  require  specific  study  when 
the  water  development  plans  are  investigated  at  a  higher  level 
of  intensity. 

6.  To  provide  recommendations  relative  to  programs  and  actions  which 
will  be  necessary  to  effect  efficient,  orderly,  and  optimum 
development  of  the  region' s  water  resources. 

Scope  of  Investigation 

The  plan  of  development  as  presently  conceived  would  include  major 
projects  in  the  Eel,  Trinity,  Mad,  Van  Duzen,  Klamath,  and  Russian  River 
Basins.  Minor  coastal  drainage  basins  extending  north  from  the  Gualala  River 
to  Redwood  Creek,  were  given  cursory  examination  as  possible  locations  for 
fisheries  enhancement  projects. 

In  addition  to  the  above  streams  which  all  drain  westward  to  the 
coast,  portions  of  the  contiguous  drainage  basins  on  the  west  side  of  the 
Sacramento  Valley,  through  which  the  exported  water  would  be  conveyed  en  route 
to  the  Sacramento-San  Joaquin  Delta,  have  also  been  studied.  These  basins 
include  Putah,  Cache,  Stony,  Thomes,  Elder,  Cottonwood,  and  Clear  Creeks. 
The  study  of  these  drainage  basins  was  directed  primarily  to  aspects  associ- 
ated with  the  interbasin  transfer  of  water,  such  as  possible  reregtilatory 
storage  sites  ajid  hydroelectric  power  features;  however,  substantial  additional 
benefits,  including  conservation  of  tributary  runoff,  would  be  derived  from 
works  constructed  in  these  basins. 

Many  alternative  plans  of  development  were  analyzed  during  the 
Investigation.  The  plans  presented  in  Bulletin  No.  I36  were  selected  as  the 
most  favorable  of  the  alternatives.  This  office  report  was  prepared  in  the 
interest  of  preserving  the  analyses  and  conclusions  pertaining  to  the  plans 
which  were  given  the  greatest  consideration. 


Part  I  of  this  rejxDrt  presents  discussions,  diagrams,  maps,  and 
tables  relating  to  the  various  plans  for  the  North  Coastal  streams.  Part  II 
presents  further  detailed  information,  by  means  of  graphical  illustrations, 
on  the  alternative  North  Coastal  projects. 
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CHAPTER  II.   UPPER  EEL  RIVER  BASIN 

The  Upper  Eel  River  Basin  includes  three  major  tributary  stream 
systems:  the  North  Fork  Eel,  Middle  Fork  Eel,  and  upper  main  Eel.  The 
drainage  boundaries,  stream  pattern,  general  orientation  of  this  region,  and 
damsite  locations  are  shown  on  Figure  1.   Pertinent  tojxjgraphic  and  hydro- 
graphic  data,  referenced  to  damsites,  are  presented  in  Table  1. 

A  number  of  factors  combine  to  make  the  Middle  Fork  Eel  the  key 
to  any  major  water  conservation  project  in  the  Upper  Eel  River  Basin.  First, 
with  a  long-term  average  annual  runoff  of  about  1,000,000  acre-feet,  sufficient 
water  is  available  for  development  of  an  economic  project.  In  addition,  the 
basin  is  situated  such  that  diversion  to  the  Sacramento  Valley  is  possible 
either  to  the  east  via  Glenn  Reservoir  or  to  the  south  via  the  upper  main 
Eel,  Clear  Lake,  and  Lake  Berryessa. 

The  North  Fork  Eel  offers  some  possibility  for  the  development 
of  water  supplemental  to  a  Middle  Fork  project.  Independent  export  develop- 
ment on  the  North  Fork  is  precluded  by  the  relatively  small  amovmt  of  runoff, 
approximately  400,000  acre-feet  annually,  and  the  long  tunneling  distance 
from  the  Sacramento  Valley. 

Formulation  of  a  project  on  the  ujjper  main  Eel  is  greatly  affected 
by  the  existing  power  development  of  the  Pacific  Gas  and  Electric  Company. 
The  quantity  of  water  remaining  for  possible  new  development  is  not  sufficient 
to  justify  export  to  the  Sacramento-San  Joaquin  Delta  as  an  independent 
project.  However,  it  does  appear  feasible  to  construct  a  major  reservoir 
project  on  this  stream  for  the  following  general  purposes:   (l)  to  develop 
new  water  supplies  to  meet  requirements  in  local  and  adjacent  basins;  and 
(2)  to  serve  as  an  integral  link  in  the  conveyance  system  for  exporting  Middle 
Fork  Eel  flows  to  the  Delta. 

In  the  following  sections  the  plans  for  development  which  were 
studied  for  the  three  major  tributary  streams  in  the  upper  Eel  River  Basin 
are  discussed. 

Middle  Fork  Eel  River 

The  Middle  Fork  Eel  River  is  the  largest  stream  system  of  the  three 
drainage  areas  which  comprise  the  Upper  Eel  River  Basin.   It  rises  on  the 
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western  slope  of  the  Coast  Range  Divide  at  an  elevation  of  about  6,000  feet. 
At  its  confluence  with  the  main  Eel  at  Dos  Rios,  the  Middle  Fork  has  drained 
753  square  miles  and  has  fallen  to  a  streambed  elevation  of  900  feet.  The 
principal  geographic  feature  in  the  basin  is  Round  Valley.  This  valley 
contains  l8,000  acres,  which  is  about  25  percent  of  all  the  agricultural 
land  in  Mendocino  County.   The  town  of  Covelo,  in  the  center  of  the  valley, 
is  the  only  settlement  of  any  size  in  the  Middle  Fork  Basin.  About  half  of 
the  valley's  1,500  residents  live  in  Covelo. 

Purpose  of  Middle  Fork  Develonnent 

The  Middle  Fork  Eel  River  will  be  the  source  of  water  for  the  initial 
state  export  project  in  the  North  Coastal  area.  The  primary  purpose  of  the 
development  will  be  to  augment  water  supplies  in  the  Sacramento -San  Joaquin 
Delta  so  as  to  prevent  a  reduction  in  the  minimum  yield  of  the  State  Water 
Project.   The  development  will  also  provide  local  water  service,  recreation, 
power  generation,  ajid  flood  control.  The  physical  works  described  in  this 
section  are  the  conservation  features  for  developing  the  water  and  the  convey- 
ance facilities  for  diverting  the  water  from  the  basin. 

Alternative  Plans  for  Development 

This  section  presents  a  discussion  of  the  alternative  physical 
plans  by  which  water  could  be  developed  on  the  Middle  Fork  Eel  eind  diverted 
from  the  basin.   Qnphasis  is  directed  toward  comparative  scales  which  the 
plans  represent  and  recognition  of  the  functional  features  of  the  plans, 
rather  than  toward  engineering  details.   Discussion  of  the  specific  project 
features  which  comprise  the  various  plans  is  given  in  the  next  section. 

For  purpose  of  presentation,  the  Middle  Fork  plans  are  grouped  in 
two  classes  in  this  section:   (l)  plans  involving  export  via  Glenn  Reservoir, 
and  (2)  plans  involving  export  via  the  upper  main  Eel.  Four  basic  alterna- 
tives in  each  class  are  presented. 

Plans  Involving  Diversion  to  the  GQ.enn  Complex.   Each  of  the  four 
basic  plans  discussed  in  this  section  includes  one  or  two  conservation  reser- 
voirs on  the  Middle  Fork  Eel  River  and  a  tunnel  of  about  20  miles  in  length 
to  either  Thames  or  Grindstone  Creek,  and  the  Glenn  Ccmplex.  A  schematic 
drawing  showing  the  essential  features  of  each  plan  is  presented  in  Figure  2. 
Pertinent  information  about  the  plan  is  summarized  on  each  drawing. 

-9- 


\ 

ROUND -y 

"If 

u 

\ 

Tkcma 

L 

Pt.AH:     Water  developed  In  Spencer  hewrvolr  voula  te 
diverted  through  ThOBes  Creek  Tunnel  to  the 
I^kenta-KevvlUe  ctvpartaeott  of  the  dcm  Reser- 
voir Conplcx. 

DMA:     Average  annual  dlverolon:     ^70,000  Af 

Spencer  BeBer\olr  croea  atorace:     $30,000  Af 
Spencer  Reservoir  K.W.S.   Q,ev. :     l655  ft. 
Approxlaate  height  of  Spencer  Du:     335  ft. 

DISCUSSIOB:     ThU  plan  hu  been  abotm  prvvloualy  by 
-.he    liTEft-rc'.-    1-    :he  P^-.r-'n  r^.    l?r  uerlef. 

-,:  -■■■-                                                           .-,-  -fo.'T''  - - 

alte:.-....    .-..    ..    ...    ^. ^^^r,    jocb 

not,   r.o%.eve.-,  ^e.elaj  -.j^e  r^;   pctcr.-.lal  of  the 
Mlidle  Fork,  and  therefore  probably  does  not   rep- 
reseot  the  aost  favormtle  lon«-r«n«e  jeveloiment. 
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DATA:     Avcr^fc  annual  diversion:     66o,000  AF 

Spencer  Beservoir  gross  stor«^:     tTO.OOO  AF 
Spencer  He«ervolr  W.W.S.    Elev. :     I6k5  ft. 
Doe  Rios  Reservoir  gross  stonse:     560,000  AF 
Dos  Rlos  Reservoir  Jl.w.S.   ELev. :    .1325  ft. 

riSCUSSIOH:     Although  not  providing  for  full  develop- 
oent  of  the  Middle  Fork,   this  plan  would  develop 
considerably  aore  vater  than  a  plan  vlth  Spencer 
Scservolr  alone.      A  possible  variation  of  this 
plan,  vhlch  has  not  as  ye^  been  analyzed,  would 
te  to  taaJse  the  diversion  frtai  Spencer  Reservol.- 
aad  puap  water  fron  Dos  Rlos  Reservoir  Into 
Spencer  Peservoir.     In  any  plan  vltb  a  low  Dos 
RIoB  Reservoir,  Round  Valley  would  be  protected 
by  limiting  the  ooraal  water  siirface  elevation  to 
approxiaately  1325  feet. 


•gtBttTES:     Figure  3, 


'.  B;   Stmnry  Rate  3 


_CniNDSTONE_   CR^TunnEl^ 


HJ^!     Vater  developed  In  a  large  Doe  Rlos  Reservoir 
would  be  diverted  through  Grlndstooe  Creek  Tunnel, 
P«UDd  Vtalley  would  be  protected  by  Mill  Creek  and 
Franciscan  £Btu  and  drained  by  Kill  Creek  Tunnel. 

DATA:     Average  annual  diversion:     700,000  AF 

Dos  Wos  Reservoir  gross  storage:     1,700,000  AF 
Dos  Rlos  Peservotr  W.W.S.    nev. :     itflO  ft. 
Approximate  hclgfcc  of  Dos  Rlos  ttei:     590  ft. 
Approxloate  height  of  Mill  Creek  Daa:     200  ft, 
Approxlnate  height  of  Pranclscao  Dsa:     100  ft. 

DISCUSSIOH:     Of  the  plana  which  would  not   Inuniate 
Round  VUley,  this  plan  would  develop  the  noet 
water.     However,   the  additional  lnci-«eot  of  yield 
which  this  plan  would  develop,  over  a  plan  with 
Spencer  ."eservolr  and  a  low  Dos  Rlos  Reservoir, 
would  be  cosxly  and  would  probably  not  be  econon- 
ically  Justified. 

PiTEFE^EE:     ?l£ure  3,  cxm-e  C 


l:     a-.-  .000  AF 

■  Dos    '  -:    5,T»,000  AF 

Dos  ?lcr   Pc-^.-^lr  Ti...:.    r.^-..:     1555  ft. 
Approxlaate  bel0it  of  Dos  Rlos  tea:     65O  ft. 


The  plan  would  utUlro 
of  Found  VtaUey.  FrcE 
this  plan  would  te  t!-- 
for  the  given  scale  or 
PUFERgKJES:     Figure  3,  curve 
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OF     MIDDLE     FORK     EEL     RIVER 

ROUTING     VIA    GLENN     RESERVOIR 

NOT     TO     SCALE 
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A  ccmparison  of  the  four  plans  is  presented  on  Figure  3,  which  shows  relation- 
ships "between  cost  and  yield  for  each  plan.  The  curves  also  indicate  the 
range  of  yields  associated  with  each  scale  of  development.  The  designation 
of  plans  as  A,  B,  C,  and  D  refers  only  to  Figures  2  and  3  and  has  no  other 
significance. 

within  each  of  the  plans  shown  there  are  internal  alternatives, 
which,  although  judged  to  be  less  favorable,  are  nonetheless  engineea-ingly 
feasible.  The  accomplishments  and  costs  of  these  alternatives  would  differ 
from  the  plans  shown,  but  would  fa3J.  within  the  basic  scales  of  development. 
Plan  A,  showing  Spencer  Dam  and  Reservoir  coiold  instead  include  Etsel  Dam  and 
Reservoir.   Plan  B,  showing  Spencer  Reservoir  with  a  low  Dos  Rios  Reservoir 
coiild  include  instead  either  of  the  following:  Spencer  and  Jarbow  Reservoirs, 
Btsel  and  Jarbow  Reservoirs,  or  Etsel  and  Dos  Rios  Reservoirs.  Plans  C  and 
D,  which  show  a  large  Dos  Rios  Reservoir,  including  and  excluding  Round  Valley 
could  include  instead  a  large  Jarbow  Reservoir. 

Summary  Plate  3  was  prepared  to  show  the  accomplishments  of  the 
SLenn  Complex  with  various  imports  from  the  Middle  Fork  Eel  River.   This  plate 
is  discussed  further  under  the  Glenn  Reservoir  Complex  in  Chapter  IV. 

Flans  Involving  Export  via  Upper  Main  Eel.  The  four  basic  plans 
for  developing  water  on  the  Middle  Fork  Eel  and  diverting  it  via  the  upper 
main  Eel  are  shown  schematically  on  Figure  h.      In  all  of  the  plans  English 
Ridge  Reservoir  is  shown  as  the  receiving  reservoir  on  the  upper  main  Eel 
River.   Generally  speaking,  any  of  the  alternative  plans  of  development  for 
the  upper  main  Eel  River  woiold  be  compatible  with  any  of  the  Middle  Fork  plans 
presented  here. 

A  comparison  of  the  four  plans  is  presented  on  Figure  5,  which 
shows  the  relationship  between  cost  and  yield  for  each.  The  curves  also 
indicate  the  range  of  yield  associated  with  each  plan.  The  designation  of 
the  plans  in  this  section  as  W,  X,  Y,  and  Z  refers  only  to  Figures  h   and  5 
and  has  no  other  significance. 

Within  each  of  the  basic  plans  shown,  there  are  internal  alter- 
natives, which,  although  judged  to  be  less  favorable,  are  nonetheless 
engineeringly  feasible.  The  accomplishments  and  costs  of  these  alternatives 
would  differ  from  the  plans  shown,  but  would  fall  within  the  basic  scales  of 
development.  Plan  W,  which  shows  a  low  Dos  Rios  Reservoir  with  an  upstream 
Spencer  Reservoir,  could  instead  be  comprised  of:  Dos  Rios  and  Etsel  Reservoirs; 
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FIGURE    3 
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A  SPENCER    RESERVOIR 

B  SPENCER  &    DCS    RIOS    RESERVOIRS 
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FIGURE    5 
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Jarbow  and  Etsel  Reservoirs;  or,  Jarbow,  Etsel,  and  ELk  Creek  (Deep  Hole) 
Reservoirs.  Plan  X,  which  shows  a  large  Dos  Rios  Reservoir  with  Round 
Valley  protected,  could  instead  include  a  large  Jarbow  Reservoir. 

Plates  15,  16,  and  17  were  prepared  to  sunnnarize  various  aspects 
of  alternative  plans  for  development  which  involve  export  via  the  upper  main 
Eel.  The  plan  shown  on  these  plates  do  not  correspond  directly  with  the  plans 
in  Figures  k   and  5;  however,  they  are  functionally  the  same.  The  plates 
contain  a  wealth  of  information  about  Middle  Fork  alternatives  and  certain 
key  conclusions  regarding  elimination  of  alternatives  are  illustrated 
graphically.  A  brief  summary  of  the  essential  points  of  each  of  these  plates 
is  presented  below.  An  expanded  discussion  of  each  plate  is  given  in  Part  II 
of  this  report. 

Plate  15  shows  cost  and  yield  data  for  a  plan  comprised  of  Spencer, 
Jarbow,  and  Elk  Creek  Reservoirs.  This  plan  can  be  considered  an  internal 
alternative  to  Flan  W.  The  main  purpose  of  Elk  Creek  Reservoir  would  be  to 
provide  additional  conservation  storage  to  the  plan.  However,  the  high  cost 
of  reservoir  storage  at  the  Elk  Creek  site,  as  illustrated  in  Chart  15 -E, 
has  eliminated  it  from  further  study  at  this  time. 

Plate  16  shows  a  comparison  of  Etsel  and  Spencer  Reservoirs  and 
Dos  Rios  and  Jarbow  Reservoir.  The  relatively  higher  cost  of  storage  in 
Etsel  and  Jarbow  Reservoirs,  as  indicated  in  Chart  I6-G,  is  the  basis  for 
the  judgment  that  they  are  less  favorable  sQ-tematives. 

Plate  17  shows  a  comparison  of  pumped  and  gravity  diversion  from 
a  large  Dos  Rios  Reservoir  which  wo\ild  inundate  Round  Valley.  Although  the 
unit  cost  of  yield  from  either  alternative  would  be  comparable,  the  higher 
capital  cost  associated  with  the  large  inactive  storage  in  the  gravity  plan 
makes  this  appear  to  be  a  less  favorable  alternative. 

Factors  Affecting  Route  Selection.  The  two  previous  sections 
described  plans  for  developing  the  Middle  Fork  Eel  River  under  the  two 
alternative  diversion  routes:  either  to  the  east  via  Glenn  Reservoir  or  to 
the  south  via  Clear  LeJte.  One  of  the  major  objectives  of  the  feasibility- 
level  pleuining  program  for  the  Upper  Eel  River  Development  is  selection  of 
the  conveyance  route.  The  factors  which  are  presently  recognized  as  having 
a  bearing  on  the  selection  are  as  follows: 

1.  TotEil  capital  cost 

2.  Affect  on  Delta  Water  Rate  of  State  Water  Project 
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3.  Financing  —relative  state-federal  participation 

k.  Water  supply  requirement  of  State  Water  Project  in  Delta 

5.  Water  supply  requirement  of  Bureau  of  Beclaanation  in  Delta 

6.  Operational  criteria  related  to  firming  Delta  sxirpluses 

7.  Opportunity  of  steiging  construction 

8.  Possible  effects  on  seepage  in  Sacramento  River 

9.  Possible  water  ri^ts  problems  in  Sacramento  RLver 

10.  Nonreimbursable  benefits:   flood  control,  recreation, 
fish  enhancement 

11.  Clear  Lake  vater  quality  problems 

12.  Magnitude  and  timing  of  associated  local  vater  requirements 

13.  Feasibility  of  Eel-Ga.enn  Tunnels 

l'^.  Opportxmity  of  shading  GLenn  Reservoir  with  future  Trinity 
RLver  developments 

Riysical  Works  of  Alternative  Flans 

Spencer  Dam  and  Reservoir.   Spencer  Dam  and  Reservoir  is  the  feu-thest 
upstream  site  considered  for  major  development  on  the  Middle  Fork  Eel.   It 
could  be  either  the  sole  conservation  feature  for  a  diversion  project  to  Glenn 
Reservoir  or  the  upstream  resei-voir  for  diversion  to  GLenn  or  English  Ridge 
Reservoirs.   Spencer  Reservoir  requires  construction  of  Franciscan  Earn  on 
Short  Creek  at  the  entrance  to  Roiand  Valley.  This  dam  prevents  the  in\indation 
of  Round  Valley  and  allows  the  addition  to  the  reservoir  of  Williams  Valley, 
which  is  separated  frcoi  the  Middle  Fork  by  a  low  saddle. 

It  is  presently  considered  that  Spencer  Dam  would  have  a  rockfill 
section.  The  damsite  has  been  drilled  and  has  had  extensive  geologic 
exploration.  However,  additional  investigation  is  necessary  to  fully  determine 
the  competency  of  the  left  abutment,  ajid  to  determine  the  availability  of 
suitable  rockfill  materials  for  construction.  The  hi^est  dam  considered 
for  this  site  would  be  385  feet  and  would  impound  a  reservoir  of  850,000 
acre -feet. 

Etsel  Dam  and  Reservoir.  Etsel  Dam  is  a  basic  alternative  to 
Spencer  Dam.  Etsel  Reservoir  also  requires  construction  of  Preuiciscan  Earn  on 
Short  Creek.  Etsel  Reservoir  would  have  considerably  more  storage  than  Spencer 
Reservoir  because  of  the  addition  of  Etsel  Flats  to  the  reservoir  area. 
However,  the  relatively  higher  cost  of  storage  appears  to  make  it  a  less 
favorable  alternative. 
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There  are  actually  two  sites  vhich  have  been  called  Btsel  dxiring 
this  investigation.  The  lower  one,  which  has  been  drilled,  is  located  on 
the  Middle  Fork  Eel  River  about  1.4  miles  upstream  from  Mill  Creek.  This 
site  has  been  rejected  on  the  basis  of  unfavorable  foundation  conditions. 
The  upper  site,  located  about  2.6  miles  upstream  from  Mill  Creek,  which  is 
being  considered  by  the  Department,  is  also  being  studied  by  the  U.  S.  Bureau 
of  Reclamation.  It  has  not  been  drilled,  but  is  considered  geologically 
adequate  for  the  heights  of  dam  considered.  The  Bureau  of  Reclamation's 
reconnaissance  studies  included  a  dam  at  this  site  U28  feet  high,  impounding 
a  reservoir  of  1,^25,000  acre-feet. 

Franciscan  Dam.  Frajiciscan  Dam  would  be  a  dike  on  Short  Creek  at 
the  entrance  to  Round  Valley.   It  would  be  required  for  Spencer  or  Etsel 
Reservoirs  or  for  a  high  Dos  Rios  or  Jarbow  Reservoir  to  prevent  inundation 
of  Round  Valley.  The  site  has  been  drilled  for  the  higher  dams,  but  there 
are  some  questions  about  its  comi)etency.  The  highest  dam  considered  for 
the  site  would  be  about  310  feet  high. 

Dos  Rios  Dam  and  Reservoir.  As  shown  on  Figures  2  and  k,  Dos  Rios 
Dam  and  Reservoir  could  be  a  key  conservation  feature  of  several  alternative 
plans  for  development  of  the  Middle  Fork  Eel  River.  The  damsite  is  considered 
to  be  one  of  the  best  in  the  North  Coastal  area;  and  based  on  surface  recon- 
naissance study,  geologists  consider  that  it  could  accommodate  a  very  high 
dam.  Present  reconnaissance  dam  designs  call  for  construction  of  a  rockfill 
embankment  at  the  Dds  Rios  site. 

Jarbow  Dam  and  Reservoir.  Jarbow  Dam  is  a  basic  alternative  to 
Dos  Rios  Dam.  Although  it  is  ikh   feet  higher  in  streambed,  the  canyon  is 
wider  than  Dos  Rios,  hence  the  cost  of  storage  is  higher  in  the  range  of  dam 
heights  considered.  In  the  first  years  of  this  investigation  considerable 
study  was  made  of  plans  including  Jarbow  Dam,  before  it  became  evident  that 
Dos  Rios  damsite  is  more  favorable.  The  Bureau  of  Reclamation  includes  a 
Jarbow  Dam  and  Reservoir  in  their  reconnaissance  plan  for  development  of 
the  Middle  Fork. 

Elk  Creek  Dam  and  Reservoir.  This  dam  ajid  reservoir,  also  known  as 
Deep  Hole,  is  shovm  in  the  Bureau  of  Reclamation's  reconnaissance  plan  for 
development  of  the  Middle  Fork.  Its  purposes  are  to  provide  conservation 
storage  for  development  of  Elk  Creek  flows  and  to  serve  as  a  stage  in  the 
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lift  from  Jarbow  to  English  Ridge  Reservoir.  The  Department's  studies  indicate 
that  the  high  cost  of  storage  in  the  reservoir  makes  it  an  vmfavorable 
alternative.  The  flows  from  ELk  Creek  can  be  conserved  in  Dos  Mos  Reservoir 
and  pumped  at  a  lower  cost  to  English  Ridge  Reservoir  than  conserving  them 
and  pumping  them  from  Elk  Creek  Reservoir.   See  plate  l6. 

Mill  Creek  Dam.  This  dam  would  act  as  a  dike  to  protect  Round 
Valley  from  flooding  in  any  of  the  plans  involving  a  high  Dos  Rios  (or  Jarbow) 
Reservoir.  The  flow  of  Mill  Creek,  which  normally  drains  Rovmd  Valley,  would 
be  diverted  through  Mill  Creek  Tunnel,  which  would  extend  from  Round  Valley 
to  the  Middle  Fork  Eel  River.  Mill  Creek  Dam  would  be  above  Dos  Rios  or 
Jarbow  Doms.   It  would  be  of  earthfill  construction,  and  would  be  approximately 
350  feet  high. 

Tunnels.  The  tunnels  described  in  this  section  are  those  associated 
with  the  alternative  plans  for  development  of  the  Middle  Fork  Eel  River. 

In  consideration  of  the  great  lengths  of  the  various  tunnel 
alignments,  the  minimum  tunnel  diameter  considered  was  10  feet.  Limited  sub- 
surface exploration  has  been  made  for  the  alignments  to  Glenn  Reservoir. 
Tunneling  conditions  for  the  remaining  alignments  were  based  on  surface 
exploration  only.   Detailed  information  about  geology  of  the  tunnels  is  pre- 
sented in  the  Geology  Appendix. 

The  problem  of  obtaining  reasonable  reconnaissance  cost  estimates 
for  the  tunnels  was  made  quite  difficult  by  the  absence  of  detailed  infor- 
mation on  tunneling  conditions  and  by  the  unprecedented  length  of  the 
alignments.  The  tunnel  cost  estimates  below  are  based  on  a  method  developed 
si)ecifically  for  these  studies  by  the  Northern  Branch  Design  Unit.  The 
method  is  outlined  in  an  office  report  on  the  subject.  A  discussion  of 
criteria  and  assumed  conditions  for  each  tunnel  is  given  in  the  Design  and 
Cost  Estimating  office  report. 

Spencer  Powerplant.   In  plans  which  include  Spencer  Reservoir  and 
a  downstream  reservoir,  either  Dos  Rios  or  Jarbow,  it  would  be  possible  to 
generate  hydroelectric  power  at  Spencer  Dam.   IXirlng  the  investigation  several 
studies  were  made  to  determine  the  relationships  between  costs  of  water  yield, 
quantities  of  water  yield,  and  possible  capacity  factors  of  such  a  powerplant. 
Generally  speaking,  it  was  found  that  power  generation  at  Si)encer  Dam  would 
be  economically  marginal.  The  decision  to  include  or  exclude  a  powerplant 
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TABLE  2 

TUNNEL  DATA 
MIDDLE  FORK  EEL  RIVER  -  ALTERNATIVE  PLANS 


Yield  (or) 

Capacity 

(AF  Per  Yr) 


Tunnel 


Length 
(Miles) 


ma.  * 

(Ft) : 


Estimated 

Capital 

Cost 


Spencer-Thomes  Creek  Timnel 


20.1 


470,000 


10   $75,000,000 


Dos  Rios -Grindstone  Creek 

Vp  to 

T\innel 

23.2 

800,000 

12 

116,000,000 

Mill  Creek  Tunnel 

(Below  Jarbow  Dam) 

2.9 

— 

12 

11,100,000 

Mill  Creek  Tunnel 

(Below  Dos  Rios  Dam) 

5.1 

-" 

12 

23,300,000 

Elk  Creek  Tunnel 

7.3 

500,000 

11 

22,000,000 

600,000 

12 

23,500,000 

700,000 

13 

25,500,000 
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is  quite  sensitive  to  the  vBlue  of  power.   Since  the  assumed  value  of  power 
used  in  these  studies  is  subject  to  major  revision,  the  conclusions  should 
be  considered  indicative  rather  than  final.  It  is  ajiticipated  that  with  a 
reduction  in  the  unit  value  of  power  revenue,  a  powerplant  at  Spencer  would 
not  be  economical. 

One  of  the  more  favorable  plans  studied  included  a  powerplant  which 
would  operate  on  a  50  percent  capacity  factor  in  coordination  with  the  ELk 
Creek  Pumping  Plant.  This  would  effect  a  savings  in  not  having  to  duplicate 
transmission  lines  to  the  load  center.   It  was  also  concluded  that  the  most 
economical  reservoir  operating  range  would  be  where  minimum  net  head  on  the 
powerplant  was  one-heCf  maximum  head. 

Charts  I  and  J  of  Plate  l6  summarize  some  of  the  studies  relating 
to  Spencer  Powerplant.   Chart  J  illustrates  that  revenues  from  power  exceed 
the  costs  only  for  yields  near  the  maximum.  The  chart  also  indicates  that 
at  a  capacity  factor  of  50  percent,  the  installed  capacity  would  be  between 
25  and  30  megawatts. 

Etsel  Powerplant.  For  all  practical  purposes,  and  in  the  context 
of  a  reconnaissance-level  study,  the  conclusions  pertaining  to  a  Spencer 
Powerplant  also  apply  for  an  Etsel  Powerplant. 

Elk  Creek  Pumping  Plant.  The  purpose  of  an  Elk  Creek  Pumping  Plant 
would  be  to  lift  water  developed  on  the  Middle  Fork  to  English  Ridge  Reservoir 
on  the  upper  main  Eel.   The  conveyance  facilities  would  be  comprised  of  the 
pxmping  plant,  discharge  penstocks,  and  an  Elk  Creek  Tunnel.   Depending  on 
the  water  surface  fluctviation  associated  with  operation  of  Jarbow  or  Dos  Rios 
Reservoir,  the  pumping  plant  might  have  to  be  an  underground  installation. 

It  is  possible  to  size  the  Elk  Creek  conveyance  facilities,  defined 
aoove,  for  either  a  "continuous"  or  "off-peak"  pumping  schedule.  The  latter 
schedule  would  require  larger  sizing  of  the  conveyance  facilities  but  would 
take  advantage  of  much  lower  power  and  energy  costs  associated  with  off-peak 
power.  An  analysis  comparing  these  two  alternatives  was  made.  The  results, 
illustrated  on  Chart  15 -H,  indicate  it  is  probably  more  favorable  to  size 
for  "continuous"  operation. 

It  is  possible  that  the  pimping  plant  could  operate  in  conjunction 
with  a  powerplant  at  Spencer  or  Etsel  Dam.  At  a  50  percent  capacity  factor, 
the  powerplant  would  have  slightly  more  capacity  thaji  required  at  Elk  Creek 
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Pumping  Plant.  Thus,  power  frcm  Spencer  or  Etsel  might  be  used  during  peak 
hours  at  KLk  Creek,  and  low  cost  power  and  energy  purchased  commercially 
for  offpeak  operation. 

Provision  for  In-basin  Releases 

The  alternative  plans  for  the  Middle  Fork  Eel  River  described 
earlier  in  this  section  would  not  be  limited  to  developing  water  for  export. 
Provision  has  also  been  made  in  each  plan  for  reservoir  releases  to  meet  in- 
basin  water  requirements  for  fisheries  preservation  and  Round  Valley  consump- 
tive needs.  The  estimated  water  requirements  used  in  these  studies  are 
preliminary  and  subject  to  considerable  revision.  However,  they  are  considered 
sufficiently  accurate  for  reconnaissance  studies,  and  the  availability  of 
more  refined  data  in  the  future  should  not  significantly  alter  the  plans. 

Round  Valley.  The  year  2020  Round  Valley  consumptive  requirement 
was  estimated  to  be  26,000  acre-feet  per  year.  Reservoir  releases  of  approxi- 
mately 4o,000  acre-feet  per  year  would  be  made  from  Franciscan  Dam.   The 
irrigation  return  flows  would  pass  down  Mill  Creek  and  into  the  lower  reservoir. 

Fisheries.  The  estimated  requirement  for  fisheries  is  from  a  I96I 
office  report  by  Contract  Service  Biologists  of  the  Department  of  Fish  and 
Game.  They  estimated  that  releases  of  5^,000  acre-feet  per  year,  together 
with  some  downstream  channel  improvements,  would  be  sufficient  to  preserve 
the  existing  fisheries. 

Related  Studies 

Studies  by  the  Department  of  Water  Resources.  A  study  was  made 
during  this  investigation  to  determine  the  most  favorable  means  of  providing 
water  service  to  Round  Valley.  The  projects  which  were  studied  are:  a  power 
diversion  from  Hulls  Creek,  a  tributary  of  the  North  Fork  Eel  River;  an 
independent  Franciscan  Dam  and  Reservoir;  a  Franciscan  Dam  and  Reservoir  with 
diversions  from  Williams  Creek,  and  diversions  from  Spencer  Reservoir.  Any 
of  these  projects  would  be  operated  in  conjunction  with  ground  water  develop- 
ment in  Round  Valley.  Of  the  plans  studied,  the  most  favorable  appears  to 
be  serving  Round  Valley  as  part  of  a  major  export  plan.  Releases  to  the 
valley  would  be  made  from  Spencer  Reservoir  at  Franciscan  Dam. 
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Prior  to  initiation  of  the  North  Coastal  Area  Investigation,  the 
Department  studied  this  area  under  the  planning  program  for  The  California 
Water  Plan.  The  results  of  those  studies  vere  published  in  195T  as  Bulletin 
No.  3,  which  included  a  concept  of  how  the  water  resources  of  each  area 
might  be  developed  for  "optimum"  use.  The  plan  which  was  recommended  for 
the  Middle  Fork  Eel  included  the  following  features:  water  developed  in  a 
large  Etsel  Reservoir  (lower  site)  would  be  released  into  a  downstream  Bell 
Springs  Reservoir;  the  water  would  then  be  pumped  up  to  Willis  Ridge 
Reservoir  for  subsequent  gravity  diversion  to  the  Sacramento  Valley  via 
Clear  Lake,   The  plan  set  forth  in  Bulletin  No.  3  assumes  "ultimate  develop- 
ment" and  is  not  adaptable  to  staged  construction. 

Concurrent  with  the  North  Coastal  Area  Investigation,  the 
Department  has  conducted  a  statewide  program  originally  ca]J.ed  the  Water 
Requirements  and  Project  Staging  Program  and  now  designated  the  Coordinated 
Statewide  Planning  Program.  One  objective  of  these  studies  has  been  to 
determine  the  projected  future  requirements  for  water  in  each  hydrographic 
area  of  the  North  Coastal  area.  The  results  of  these  studies  will  be  used  to 
insure  that  each  local  area,  such  as  Round  Valley,  will  be  reserved  all 
the  water  it  needs  to  provide  for  its  future  development. 

Studies  by  Federal  Agencies.  There  are  two  recent  studies  by  the 
Bureau  of  Reclamation  related  to  the  Middle  Fork  Eel  River.  The  major  one 
was  reported  in  June  I963,  in  their  publication  "Eel  River  Division  -  A 
Reconnaissance  Appraisal".   In  the  plan  set  forth  in  the  report  they  propose 
to  provide  water  service  to  areas  within  the  Eel  River  Basin,  Russian  River 
Basin,  and  North  of  San  Francisco  Bay  from  a  system  of  physical  works  con- 
structed in  two  stages.   The  first  stage  would  include  English  Ridge  Reservoir. 
The  second  stage  woxild  include  conservation  features  on  the  Middle  Fork  with 
a  pumped  diversion  to  English  Ridge  Reservoir.  Their  plan  for  the  Middle 
Fork  would  be  comprised  of  Etsel  Dam  and  Reservoir,  Etsel  powerplant,  Jarbow 
Dam  and  Reservoir,  Deep  Hole  Dam  (Elk  Creek)  and  Reservoir,  and  pumping 
plants  from  Jarbow  to  Deep  Hole  and  from  Deep  Hole  to  Elk  Creek  Tunnel.  This 
plan  is  very  similar  to  Plan  W  presented  earlier  in  this  section. 

The  second  study  by  the  Bureau  is  a  feasibility  investigation  of 
projects  to  provide  water  service  to  Round  Valley.   Various  possibilities 
which  the  Biireau  has  investigated  include:  ground  water  development,  a  power 
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diversion  from  Hull's  Creek,  an  independent  Franciscan  Dam  and  Reservoir,  a 
Williams  Valley  Dam  and  Reservoir  pumping  from  the  Middle  Fork,  and  diver- 
sion from  a  major  export  project. 

Studies  by  Others.  The  only  major  study  of  a  planning  nature, 
other  than  those  mentioned  above,  vas  made  by  Bechtel  Corporation  in  1959 
for  Metropolitan  Water  District  of  Southern  California.  The  purpose  of  the 
study  vas  to  formulate  a  reconnaissance  plan  for  developing  2.1  million  acre- 
feet  of  annual  export  yield.  A  number  of  alternative  plans  were  studied. 
One  of  the  most  favorable  consisted  of  a  large  Dos  Rios  Reservoir  vhich 
inundated  Round  Veilley, 

Upper  Main  Eel  River 

Numerous  plans  for  developing  the  unregulated  flows  of  the  upper 
main  Eel  River  have  been  studied  during  the  investigation.  Some  of  the 
studies  were  directed  towards  possible  development  of  the  upper  main  Eel 
River  in  conjunction  with  the  conveyance  of  water  diverted  from  the  Middle 
Fork  Eel;  other  studies  analyzed  the  possibility  of  developing  only  the  upper 
main  Eel,  without  Middle  Fork  imports.  In  either  case,  planning  for  the  upper 
Eel  is  greatly  influenced  by  the  existing  diversion  of  Pacific  Gas  and 
Electric  Company.  Summary  Plates  1  and  l8  present  data  on  various  plans 
which  are  discussed  in  this  section. 

Existing  Developnent 

The  present  development  of  the  water  resources  of  the  upper  main 
Eel  River  consists  of  two  reservoirs,  a  diversion  tunnel,  ajid  the  9^040- 
kilowatt  Potter  Valley  Powerhouse,  all  owned  ajid  operated  by  the  Pacific  Gas 
and  Electric  Company.   Van  Arsdale  Dam  and  Reservoir,  with  a  capacity  of  TOO 
acre-feet,  was  constructed  in  19OT.  Van  Arsdale  Dam  serves  to  divert  water 
from  the  Eel  River  through  a  6,000-foot  tunnel  to  the  powerhouse  penstocks. 
A  '4-50-foot  power  drop  is  made  from  the  tunnel  to  the  powerhouse,  which  is 
located  at  the  north  end  of  Potter  Valley  on  the  East  Fork  of  the  Russian 
River.   Scott  Dam,  which  forms  Lake  Pillsbury,  was  constructed  in  I92I  to 
provide  regulation  of  the  Eel  River  mnoff .  Lake  Pillsbury  has  a  storage 
capacity  of  93,700  acre-feet. 

The  annual  diversions  into  Potter  Valley  have  varied  from  71,000 
acre-feet  in  192')-  to  205,000  acre-feet  in  1952,  with  the  average  being  about 
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142,000  acre-feet.  In  April  1950,  the  Pacific  Gas  and  Electric  Company 
completed  the  enlargement  of  a  restricted  section  of  the  diversion  tunnel, 
thereby  increasing  the  maximum  rate  of  diversion  to  3^5  cubic  feet  per 
second.  This  would  not  have  increased  the  amount  of  water  diverted  during 
the  extremely  dry  years  such  as  192^,  but  in  an  average  year  the  diversion 
frotn  Van  Arsdale  Reservoir  would  have  been  increased  by  approximately  25,000 
acre-feet.  Allowing  for  this  increased  diversion  capability,  the  average 
flow  through  the  tunnel  would  have  been  about  16t,000  acre-feet  annually. 

If  a  major  water  conservation  project  is  constructed  on  the  upper 
main  Eel,  negotiations  with  the  Pacific  Gas  and  Electric  Company  would  be 
required  to  determine  the  disposition  of  their  existing  power  development. 
The  dependable  capacity  of  the  powerhouse  would  be  greatly  increased  as  the 
result  of  the  uniform  annual  flows  and  by  the  increased  head  provided  by  the 
large  reservoir  on  the  Eel  River.  The  existing  plant  is  not,  however, 
capable  of  generating  at  the  increased  capacity  and  wovild  require  modifica- 
tion or  replacement. 

Alternative  Plans  for  Development 

Numerous  alternative  plans  for  development  of  the  upper  Eel  River 
have  been  studied  during  this  investigation.  On  the  basis  of  these  studies 
four  of  the  most  promising  plans  involving  export  from  the  Middle  Fork  Eel 
have  been  selected.  Two  of  these  would  consist  of  single  reservoir  develop- 
ments which  would  not  inundate  Lake  Pillsbury.  They  are  Willis  Ridge  (Plan  A) 
and  English  Ridge  (Plan  D).  The  other  two,  which  would  inundate  Lake 
Pillsbury,  each  include  two  dams  and  reservoirs.  They  are:  English  Ridge 
and  Benmore  (Plan  B)  and  English  Ridge  and  Pressley  (Plan  C).   These  plans 
are  shown  on  Figure  6. 

All  of  these  plans  would  develop  water  for  local  needs  and  export, 
and  would  reregulate  and  provide  conveyance  for  flows  diverted  from  the  Middle 
Fork  Eel  River.  The  plan  including  Pressley  Dam  is  the  only  one  of  the  four 
with  power  features  on  the  river.   Power  could  be  generated  from  the  diver- 
sions into  Potter  Valley  with  an  the  plans. 

Of  the  four  plans,  Plan  A,  with  a  large  English  Ridge  Reservoir 
appears  to  be  the  most  favorable  development.   English  Ridge  Reservoir  with 
a  storage  capacity  of  1,800,000  acre-feet  at  a  water  surface  elevation  of 
1,695  feet  would  be  formed  by  construction  of  a  535 -foot  high  earth  and 
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rockfill  dam.  This  reservoir  would  develop  a  firm  annual  conservation  yield 
of  about  300,000  acre-feet,  in  addition  to  the  present  Eel  River  diversion 
into  Potter  Valley  and  in  addition  to  downstream  releases  of  60,000  acre-feet 
annually. 

North  Fork  Eel  River 

The  North  Fork  Eel  River  Basin  is  typical  of  the  Eel  River  drain- 
ages. The  moderate  to  steep-walled  canyons  are  interlaced  with  landslides 
and  areas  of  heavy  brush  and  trees.   Geologically,  the  basin  is  located  in 
the  Franciscan  formation  where  foundation  conditions  for  proposed  damsites 
are  poor  to  fair. 

At  its  confluence  with  the  main  Eel  River,  the  North  Fork  has 
drained  an  area  of  285  square  miles.   The  50-year  (19II-60)  mean  annual 
runoff  is  44o,000  acre-feet.   The  one  stream  gaging  station  on  the  North 
Fork  is  located  near  the  town  of  Mina,  about  6  miles  upstream  from  the  con- 
fluence with  the  main  stem.  The  drainage  area  at  the  gaging  station  is  251 
sqioare  miles,  and  the  50-year  (19II-I960)  mean  annvial  runoff  is  37^,000  acre- 
feet.  The  ninoff  at  the  gaging  station  provides  the  basis  for  estimated 
runoff  at  proposed  damsites. 

The  primary  purpose  of  a  project  on  the  North  Fork  Eel  would  be 
to  conserve  water  for  export.  The  ruggedness  of  the  topography  precludes 
development  of  an  in-basin  agricultural  service  area,  and  the  remoteness  and 
inaccessibility  are  not  conducive  to  development  of  the  recreation  potential. 

Alternative  Elans  for  Development 

These  are  two  general  ways  in  which  runoff  from  the  North  Fork 
could  be  developed  for  export.  One  way  would  be  to  conserve  the  water  in 
a  reservoir  on  the  North  Fork  and  divert  it  by  tunnel  to  the  Middle  Fork 
Eel  River  Basin,  for  subsequent  diversion  to  the  Sacramento  Valley.   The 
other  way  would  be  to  conserve  the  water  in  a  large  reservoir  on  the  lower 
Eel,  along  with  other  runoff  into  the  Eel,  and  pianp  it  upstream  through  an 
earlier  constructed  conveyance  system  to  the  Sacramento  Valley.   No  develop- 
ment on  the  North  Fork  would  be  required  in  the  second  plan. 

Although  both  ways  of  developing  the  North  Fork  were  studied 
during  this  investigation,  most  of  the  studies  were  directed  toward  examination 
of  a  gravity  diversion  to  the  Middle  Fork  Eel  River  Basin.  The  conservation 
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feature  in  this  plan  would  be  Upper  Mina  Dam  and  Reservoir.  The  dam  would 
be  located  on  the  North  Fork  Eel  River  about  one-half  mile  below  the 
confluence  with  Hulls  Creek.   Preliminaiy  designs  indicate  that  the  dam  would 
be  of  earthfill  construction.   The  maximum  height  of  dam  considered  at  this 
site  is  ^20  feet.  The  site  has  not  been  drilled.  Although  difficult 
foundation  problems  are  anticipated,  surface  geology  indicates  that  the  site 
is  adequate  for  the  heights  of  dam  considered. 

The  surplus  water  conserved  in  Upper  Mina  Reservoir  would  be 
diverted  by  gravity  through  Hulls  Creek  Tunnel.  The  tunnel  would  extend 
from  an  arm  of  Upper  Mina  Reseirvoir  on  Hulls  Creek  a  distance  of  about  9  miles 
to  Williams  Valley,  an  arm  of  Spencer  Reservoir  on  the  Middle  Fork  Eel  River, 
The  head  necessary  for  flow  through  the  tunnel  would  be  provided  by  main- 
taining Upper  Mina  Reservoir  at  a  higher  level  than  Spencer  Reservoir. 

Aneilysis  of  this  plan  indicates  that  the  most  favorable  development 
would  consist  of  an  Upper  Mina  Reservoir;  gross  capacity  320,000  acre-feet, 
and  a  Hulls  Creek  Tunnel,  10  feet  in  diameter.  By  utilizing  210,000  acre- 
feet  of  active  storage  in  Upper  Mina  Reservoir,  an  average  of  230,000  acre- 
feet  of  yield  could  have  been  diverted  to  Spencer  Reservoir  during  the 
historical  1916-I93U  critical  period.  The  estimated  capital  cost  of  this 
plan  is  approximately  $80  million,  $57  million  of  which  is  in  Upper  Mina 
Dam.  The  average  unit  cost  of  the  water  delivered  to  Spencer  Reservoir 
would  be  about  $17.50  per  acre-foot. 

Pumped  Diversion.  An  alternate  plan  of  diversion  would  be  to 
pump  from  a  lower  level  reservoir  on  the  North  Fork  Eel  River  to  a  gravity 
flow  tunnel  extending  to  Spencer  Reservoir.  The  lower  reservoir  would  be 
formed  by  a  dam  located  about  k  miles  doimstream  of  the  Upper  Mina  site. 
The  pumping  plant  and  tunnel  intake  would  be  located  in  Bear  Canyon,  a 
tributary  to  the  North  Fork. 

Analysis  indicates  that  the  most  favorable  plan  of  development 
would  consist  of  Mina  Dam  and  Reservoir,  gross  capacity  U20,000  acre-feet, 
a  pumping  plant,  and  a  tunnel  8  feet  in  diameter  and   8  miles  long.  With 
an  active  storage  of  320,000  acre-feet  in  Mina  Reservoir,  approximately 
230,000  acre -feet  of  yield  would  be  developed.  A  12,000  kilowatt  capacity 
pumping  plant  would  lift  this  water  about  38O  feet  to  the  tunnel  invert, 
where  it  would  flow  by  gravity  to  Williams  Valley.  The  estimated  capital 
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cost  of  this  plan  is  atout  $62  million,  $^+0  million  of  which  is  in  Mina  Dam. 
The  average  unit  cost  of  this  water  is  about  $l6. 50  per  acre-foot. 

Conclusions.  The  foregoing  reconnaissance  analysis  indicates  that 
if  the  flows  from  the  North  Fork  Eel  are  to  be  developed  with  a  project  in 
the  basin,  a  plan  using  pumped  diversion  is  probably  more  economical  than 
one  using  gravity  diversion.  However,  as  mentioned  in  the  introduction  it 
may  be  better  to  develop  the  North  Fork  flows  in  a  lower  Eel  River  reservoir 
and  pump  the  yield  upstream.  In  any  event,  the  comparatively  high  unit  cost 
of  yield  from  a  North  Fork  project  indicates  that  it  should  not  be  considered 
as  a  probable  early  stage  project. 

Related  Studies 

Mad-Van  Duzen  Etiversion  to  North  Fork  Eel.  A  very  rough  reconnais- 
sance study  was  made  of  a  plan  to  divert  surplus  flows  of  the  Mad  and  Van 
Duzen  Rivers  to  Upper  Mina  Reservoir  on  the  North  Fork  Eel  River.  The  plan 
would  include  construction  of  a  small  diversion  dam  on  the  Van  Duzen  River, 
a  tunnel  to  an  enlarged  Ruth  Reservoir  on  the  Mad  River,  a  tunnel  to  the 
North  Fork  Eel,  and  a  powerplant  upstream  of  Upper  Mina  Reservoir. 

Construction  of  Lassie  Dam  on  the  Van  Duzen  River,  immediately 
downstream  of  Red  Lassie  Creek,  would  permit  gravity  diversion  of  natural 
river  flows  through  a  tunnel  into  an  enlarged  Ruth  Reservoir.  This  water, 
together  with  that  conserved  in  Ruth  Reservoir,  would  be  routed  through  a 
tunnel  and  powerplant  into  Upper  Mina  Reservoir.  The  water  then  would  be 
diverted  to  the  Middle  Fork  Eel  River.   Butler  Valley  Dam  and  Reservoir  would 
be  constructed  on  the  lower  Mad  River  to  develop  a  water  supply  to  replace 
that  now  being  developed  in  Ruth  Reservoir. 

On  the  basis  of  this  study,  approximately  230,000  acre-feet  of 
new  water  yield  could  be  developed  on  the  Mad  and  Vaji  Duzen  Rivers  and  diverted 
to  the  North  Fork  Eel  River  for  a  capital  outlay  of  about  $60  million.   Over 
800  feet  of  power  head  could  be  developed  between  Ruth  Reservoir  and  Upper 
Mina  Resei^oir. 

A  comparison  of  the  above  plan  with  alternative  plans  for  routing 
yield  from  the  Mad  and  Van  Duzen  Rivers  via  the  Trinity  River  shows  that  the 
above  plan  is  probably  more  costly.  Therefore,  no  further  consideration  is 
being  given  to  it  at  this  time. 
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Bulletin  Ho.  3.  The  California  Water  Flan,  presented  In  Bulletin 
No.  3,  Included  a  small  reservoir  on  the  Borth  Pork  Bel  River  at  the  Caution 
site.  It  vas  envisioned  that  the  12,000  acre-foot  capacity  reservoir  vould 
"be  a  local  project  to  provide  for  recreation  and  fisheries  enhancaient.  No 
further  studies  of  the  project  have  been  made. 
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CHAPTER  III 
CACHE  AMD  PUTAH  CREEK  BASINS 

During  the  North  Coastal  Area  Investigation,  the  Cache  and  Putah 
Creek  Basins  were  studied  as  possible  links  in  the  conveyance  system  for 
diverting  surplus  Eel  River  water  to  the  Sacramento-San  Joaquin  Delta.  Both 
basins  have  previously  been  the  subjects  of  individual  investigations  directed 
exclusively  towards  in-basin  development.  Bulletin  No.  ^O,   Clear  Lake-Cache 
Creek  Basin  Investigation,  published  in  March  I96I,  presented  a  comprehensive 
plan  for  development  of  the  basin.  Bulletin  No.  99^  reconnaissance  report 
on  Upper  Putah  Creek  Basin  Investigation,  published  in  March  196^,  presented 
possible  plans  for  development  of  the  water  resources  of  that  basin. 

The  drainage  boundaries,  stream  pattern,  general  orientation  of 
these  basins  and  damsite  locations  are  shown  on  figure  7- 

Clear  Lake-Cache  Creek  Basin 
Water  developed  on  the  Eel  River  and  diverted  through  a  tunnel  into 
the  Clear  Lake-Cache  Creek  Basin  would  enter  the  basin  in  the  drainage  area 
above  Clear  Lake.  It  would  flow  through  Clear  Lake  and  then  would  either 
pass  down  Cache  Creek  or  would  be  diverted  through  a  tunnel  into  the  Putah 
Creek  Basin,  for  reregulation  in  Lake  Berryessa.  Summary  Plates  6  and  6a 
present  data  on  possible  conveyance  systems  through  the  two  basins.  In  the 
following  sections  the  various  conveyance  features  are  discussed. 

Eel  River-Clear  Lake  Transbasin  Conveyance 

The  Eel  River  and  Clear  Lake  drainage  basins  have  a  common  drainage 
boundary  about  20  miles  in  length,  with  the  mountains  rising  to  an  elevation 
of  over  i+,000  feet.  There  are  two  alternative  routes  for  accomplishing  the 
transbasin  diversion:  either  by  a  long  tunnel  connecting  the  two  basins,  or 
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riGUREl  7 


LOCATION  OF  DAMSITES 

UPPER  CACHE  AND 

PUTAH  CREEK  BASINS 


DEPARTMENT    OF    WATER    RESOURCES    1964 
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by  a  system  including  a  short  tunnel  into  Potter  Valley,  a  canal  around  the 
valley,  and  a  short  tunnel  into  the  Clear  Lake  Basin.  The  Department's 
studies  show  that  a  tunnel  through  Garrett  Ridge  would  be  the  most  practical 
and  reliable  means  of  diversion. 

Garrett  Tunnel  would  convey  water  from  English  Ridge  Reservoir  to 
Middle  Creek,  a  tributary  of  Clear  Lake.  Numerous  combinations  of  active 
storages  in  English  Ridge  Reservoir  and  various  elevations  and  alignments 
of  Garrett  Tunnel  have  been  analyzed.   These  studies  indicate  that  the  most 
favorable  intake  elevation  of  the  tunnel  would  be  1,500  feet.   The  corre- 
sponding outlet  elevation  in  Middle  Creek  would  be  l,'+50  feet.   The  tunnel 
would  be  about  l4  feet  in  diameter  and  12.2  miles  long.  The  estimated 
capital  cost  of  Garrett  Tunnel  is  $55  million. 

Middle  Creek 

Studies  were  made  of  the  possibility  of  developing  the  power  head 
between  the  upper  Main  Eel  River  and  Clear  Lake .   One  of  the  more  favorable 
plans  include  the  construction  of  Pitney  Ridge  Dam  and  Powerplant  on  Middle 
Creek.  These  studies  indicated  that  the  power  development  probably  could  not 
be  justified  unless  annual  diversions  from  the  Eel  River  were  in  excess  of 
800,000  acre-feet.  In  addition,  operation  of  the  power  facilities  would  de- 
tract from  the  possible  benefits  from  coordinated  water  operation  of  English 
Ridge  Reservoir  and  Clear  Lake.   For  these  reasons,  the  Middle  Creek  power 
development  is  not  proposed  as  part  of  The  Upper  Eel  River  Development. 

Clear  Lake 


Clear  Lake  is  a  large  shallow  natural  body  of  water  with  a  gross 
capacity  of  about  1,100,000  acre-feet,  and  a  surface  area  of  i<^3,000  acres  at 
water  surface  elevation  1,325  feet.  The  maximum  depth  is  about  50  feet.   In 
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191^,  a  32-foot-high  concrete  gravity  dam  was  constructed  about  three  miles 
downstream  from  the  lake  on  Cache  Creek  to  provide  regulation  of  the  stored 
water.  In  1927  this  dam  and  the  water  rights  of  the  former  owners  were  ac- 
quired by  the  Clear  Lake  Water  Company,  which  has  been  operating  the  system 

since  that  time • 

1 

The  Clear  Lake  Water  Company  provides  irrigation  water  service  to 
Yolo  County.  The  diversions  from  Cache  Creek  are  developed  from  water  released 
from  Clear  Lake  combined  with  unregulated  runoff.   These  diversions  average 
about  100,000  acre-feet  annually.   However,  the  amount  of  water  available  in 
Cache  Creek  for  diversion  is  quite  variable  and  the  annual  diversions  have 
ranged  from  a  low  of  13,000  acre-feet  in  I93I  to  189,000  acre-feet  in  I9U6. 
The  annual  diversion  during  the  period  1929-193^  inclusive,  averaged  i+5,000 
acre-feet. 

Clear  Lake  is  operated  under  terms  of  the  Gopcevic  Decree,  which 
was  rendered  October  7,  I92O.  Under  this  decree  the  Clear  Lake  Water  Company 
is  permitted  to  fluctuate  the  lake  between  the  limits  of  zero  and  7.56  feet 
on  the  Rumsey  Gage,  which  is  located  near  the  edge  of  the  lake  at  Lakeport. 
These  gage  heights  correspond  to  water  surface  elevations  1, 318.59  and  1,326.15 
feet  respectively.  Within  these  limits  the  lake  has  a  storage  capacity  of 
about  314,000  a ere -feet. 

Water  from  Clear  Lake  flows  through  an  extremely  narrow  and  shallow 
outlet  channel  before  it  is  released  into  Cache  Creek  from  the  Clear  Lake 
Water  Company  Dam.   The  outlet  channel  has  a  capacity  of  approximately  2,500 
second-feet  with  the  water  level  of  Clear  Lake  at  1,326.15  feet.   This  is 
insufficient  to  pass  the  runoff  that  accumulates  in  the  lake  during  periods  of 
excessive  flood  inflow  from  tributary  streams.   Consequently,  during  periods  of 
excessive  runoff,  the  lake  level  rises  and  extensive  flood  damage  occurs  to 
land  and  improvements  adjacent  to  the  lake.  Under  the  terms  of  the  Bemmerly 


Decree  rendered  December  l8,  19^0,  as  the  result  of  litigation  brought  by 
downstream  interests,  the  outlet  channel  cannot  be  enlarged  to  pass  waters 
from  the  lake  at  an  increased  rate  of  flow.  The  downstream  residents  were 
concerned  about  additional  flooding  of  their  property,  should  additional 
water  be  added  to  the  flow  of  Cache  Creek  during  flood  stage . 

Under  operation  of  the  Upper  Eel  River  Development,  Clear  Lake 
would  not  be  allowed  to  fluctuate  as  widely  as  it  does  at  present.  The  en- 
larged outlet  channel  and  the  Soda  Creek  Tunnel  would  have  sufficient  capa- 
city to  pass  the  flood  waters  which  normally  damage  areas  adjacent  to  the 
lake.  The  tunnel  would  have  sufficient  capacity  to  convey  water  needed  to 
satisfy  the  local  demands  of  Upper  Putah  Creek  and  the  power  demands  of  the 
Soda  Creek  power  facilities. 

The  enlargement  of  the  Clear  Lake  outlet  channel  and  the  modifica- 
tion of  the  operation  of  Clear  Lake,  as  described,  would  necessitate  modi- 
fication of  the  Gopcevic  and  Bemmerly  Decrees.  However,  the  desired  flood 
protection  and  the  improved  water  supply  conditions  created  by  the  Eel  River 
imports  should  warrant  the  required  modification  of  these  decrees.  Under 
the  modified  operation  the  Clear  Lake  Water  Company  would  not  be  required 
to  increase  the  releases  to  Cache  Creek  during  flood  periods  over  what  would 
normally  be  released  under  their  present  operation. 

Wilson  Valley  Dam  and  Reservoir 

A  dam  and  reservoir  at  the  Wilson  Valley  site  on  Cache  Creek  was 
proposed  in  Bulletin  No.  90  as  a  development  to  serve  water  requirements  in 
the  Cache  Creek  Basin.  It  is  recognized  that  a  large  reservoir  at  this  site 
could  also  provide  reregulatory  storage  for  water  imported  from  the  Eel  River. 
Although  this  possibility  has  received  only  cursory  study  to  date,  it  will 
be  investigated  in  detail  in  the  advance  planning  studies  for  the  Upper  Eel 


River  Development.  It  is  envisioned  that  a  reservoir  to  meet  local  and 
reregulatory  needs  would  be  as  large  as  the  site  permits,  probably  over 
1.5  million  acre -feet  of  storage. 

Putah  Creek  Basin 
Soda  Creek  Tunnel 

Soda  Creek  Tunnel  would  connect  the  Clear  Lake  Basin  with  the 
Upper  Putah  Creek  Basin.  The  tunnel  would  be  sized  to  convey  flows  required 
for  generation  of  peaking  power  at  Stienhart  Dam,  the  uppermost  of  the  Upper 
Putah  Creek  Basin  power  features .  The  capacity  of  the  tunnel  would  be  suf- 
ficient to  enable  the  diversion  of  essentially  all  flood  flows  from  the 
Clear  Lake  Basin.  The  tunnel  would  be  about  I9  feet  in  diameter  and  2  miles 
long. 

Stienhart  Reservoir  and  Powerplant 

Stienhart  Dam  and  Reservoir  would  be  constructed  primarily  for 
power  generation  on  Soda  Creek,  a  tributary  of  Putah  Creek.  The  earth  and 
rockfill  dam  would  have  a  height  of  275  feet  and  a  crest  length  of  850  feet. 
The  reservoir  site  has  a  natural  drainage  area  of  19  square  miles  and  an 
estimated  mean  annual  natural  runoff  of  7,000  acre -feet.  The  gross  capacity 
of  the  reservoir  would  be  80,000  acre-feet,  with  a  water  surface  area  of  85O 
acres  at  a  normal  water  surface  elevation  of  1,300  feet.  A  powerplant  located 
at  the  toe  of  Stienhart  Dam  would  develop  about  25O  feet  of  head.  With  an 
annual  diversion  of  5OO  acre-feet  from  the  Eel  River,  the  powerplant  would 
have  a  capacity  of  ^7,000  kilowatts. 

Jerusalem  Reservoir  and  Powerplant 

Jerusalem  Dam  and  Reservoir  would  also  be  constructed  on  Soda  Creek 
for  the  primary  purpose  of  power  generation.  The  earth  and  rockfill  dam 


would  have  a  normal  water  surface  elevation  of  I,0li5  feet,  a  gross  capacity 
of  46,000  acre-feet,  and  a  surface  area  of  750  acres.  The  drainage  area 
between  Stienhart  and  Jerusalem  damsites  is  10  square  miles  and  the  esti- 
mated mean  annual  runoff  between  the  two  damsites  is  5j200  acre-feet.  A 
powerplant  located  at  the  toe  of  Jerusalem  Dam  would  develop  about  240 
feet  of  head  by  excavation  of  a  tailwater  channel.  The  material  from  the 
tailwater  excavation  would  be  used  as  fill  material  for  Jerusalem  Dam. 
With  an  annual  diversion  of  500,000  acre-feet  from  the  Eel  River,  Jerusalem 
Powerplant  would  have  a  capacity  of  42,000  kilowatts. 

Both  Stienhart  and  Jerusalem  Reservoirs  would  be  maintained  at  or 
near  their  normal  pool  elevations.  These  reservoirs  would  therefore  have 
no  water  conservation  or  flood  control  benefits,  but  would  provide  good 
areas  for  recreation. 

Solano  Project 

Lake  Berryessa,  the  key  storage  feature  of  the  U.  S.  Bureau  of 
Reclamation's  Solano  Project,  was  completed  In  1955-  At  its  normal  water 
surface  elevation  of  kkO   feet  the  lake  has  a  gross  storage  capacity  of  1.6 
million  acre-feet  and  a  surface  area  of  19,250  acres.  The  reservoir  can 
develop  an  annual  irrigation  supply  of  2^7,000  acre-feet.  The  project  pro- 
vides water  to  Solano  County  through  the  Putah  South  Canal  which  extends 
from  the  diversion  dam  on  Putah  Creek,  about  6  miles  below  Montlcello  Dam, 
a  distance  of  38  miles  southwest  to  the  vicinity  of  Cordelia. 

The  recreation  development  which  has  taken  place  around  Lake 
Berryessa  has  been  explosive.  There  are  seven  large  recreational  develop- 
ments on  the  west  shore  of  the  lake  and  more  are  planned.  The  U.  S.  Bureau 
of  Reclamation  has  reserved  a  perimeter  strip  approximately  3OO  feet  wide 
around  the  entire  lake.  Napa  County  has  been  granted  a  permit  to  use  this 
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land  and  has  in  turn  subleased  to  private  parties  for  the  development  of 

public  resorts  and  parks.   These  leases  run  from  20  to  50  years  and  contain 

restrictions  as  to  the  construction^  operation,  and  types  of  facilities 

permitted.   The  improvements  revert  back  to  the  county  at  the  termination 
of  the  lease. 

Enlarged  Lake  Berryessa 

An  enlarged  Lake  Berryessa  would  be  strategically  located  to  pro- 
vide for  reregulation  of  imported  water  from  the  Eel  River  and  to  provide 
for  storage  of  flood  flows  pumped  from  the  Sacramento  River.   Reconnaissance 
studies  indicate  that  a  large  pumped  storage  power  generation  installation 
could  be  included  in  the  Greater  Berryessa  Project.  Summary  Plate  No.  7 
presents  data  on  possible  plans  for  an  enlarged  Lake  Berryessa,  involving 
a  pumped  storage  operation  with  flows  from  the  Sacramento  River  only. 

Preliminary  studies  indicate  that  the  optimum  capacity  of  an  en- 
larged Lake  Berryessa  would  be  approximately  1^4-  million  acre-feet.   The 
lake  would  have  a  water  surface  area  of  65,600  acres  at  its  normal  pool 
elevation  of  76O  feet.   The  lake  would  be  formed  by  construction  of  a  590- 
foot  high  earth  and  rockfill  dam  on  Putah  Creek  approximately  one  mile 
downstream  of  the  existing  Monticello  concrete  arch  dam.   During  construction 
the  existing  lake  would  continue  its  normal  operation. 

Conveyance  Facilities  to  Sacramento  River.  Extensive  conveyance 
facilities  would  be  required  between  Lake  Berryessa  and  the  Sacramento  River. 
These  facilities  would  enable  the  diversion  of  flood  flows  from  the  Sacramento 
River  to  the  lake,  the  operation  of  the  pumped  storage  installation,  and  the 
conveyance  of  water  from  the  lake  to  the  Sacramento  River. 

The  pumped  diversion  from  the  river  would  require  a  siphon  under 
the  deep  water  ship  channel,  two  afterbay  dams,  two  low-head  pumping  plants, 
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and  the  channelization  of  Putah  Creek.  A  pump-turbine  plant  would  be 
installed  at  the  enlarged  Monticello  Dam.  A  low  head  pumping  plant  would 
also  be  required  to  lift  water  from  the  Putah  Creek  channel  into  the 
Sacramento  River.   The  connection  on  the  Sacramento  River  would  be  located 
approximately  7  miles  southwest  of  Sacramento,  upstream  of  the  diversion 
point  of  the  proposed  peripheral  canal  around  the  Sacramento-  San  Joaquin 
Delta . 

Pumped  Storage  Operation.  The  pumped  storage  operation  of  the 
Greater  Berryessa  Project  would  be  similar  to  the  pumped  storage  operation 
at  Oroville  Dam.   The  water  would  be  lifted  from  Monticello  Afterbay  into 
the  enlarged  Lake  Berryessa  during  "off-peak"  hours  by  reversible  pump- 
generating  units.  During  "on-peak"  hours  water  would  be  released  back  into 
the  afterbay,  and  power  would  be  generated  by  the  reversible  units.  The 
proposed  plant  would  have  a  pumping  capacity  of  450  megawatts  and  a  gener- 
ating capacity  of  2U0  megawatts. 

Reservoir  Filling.   One  of  the  major  considerations  in  the  Greater 
Berryessa  Project  is  filling  the  large  lake  to  a  safe  operating  level  prior 
to  its  initial  operation.  In  order  to  compare  this  project  with  other 
alternatives  the  cost  was  modified  to  reflect  the  interest  on  the  invest- 
ment and  the  operating  costs  incurred  during  the  filling  period.   The  assump- 
tions leading  to  the  cost  modification  are  as  follows: 

The  reservoir  would  have  a  annual  storable  inflow  of  approximately 
1,500,000  acre-feet  from  the  Eel  River,  Putah  Creek,  and  Sacramento  River 
during  years  of  normal  runoff.  Assuming  1,000,000  acre-feet  in  the  existing 
reservoir,  and  normal  runoff  occurring,  a  total  of  7? 000,000  acre-feet  would 
be  in  storage  within  four  years.  This  would  be  an  adequate  amount  of  storage 
prior  to  full  project  yield  deliveries.   The  capitalized  cost  of  interest 
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plus  the  net  pumping  and  operating  costs  during  this  period  would  be  about 
$60,000,000.   It  was  assumed  that  power  generation  would  begin  during 
"on-peak"  hours  when  the  reservoir  reaches  its  minimum  pool  elevation. 
When  allowing  for  the  initial  filling  cost,  the  total  capital  cost  of  the 
project  would  be  about  $311,000,000. 
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CHAPTER  IV 

WEST  SIDE  SACRAMENTO  VALLEY 

Stony,  Thomes,  Elder,  Cottonwood,  and  Clear  Creek  Basins 

There  are  several  possible  major  projects  on  the  west  side  of 
the  Sacramento  Valley  which  could  be  associated  with  imported  water  from 
the  North  Coastal  area.  These  include  the  Glenn  Reservoir  Complex,  the 
West  Side  Conveyance  System,  and  power  development  features  on  Clear  Creek. 
The  drainage  boundaries,  stream  pattern  and  damsite  locations  are  shown  on 
Figure  8.  Pertinent  hydrographic  and  topographic  data  for  the  damsites  is 
given  in  Table  k. 

In  the  course  of  this  investigation  the  operation  and  accomplish- 
ments of  these  reservoir  systems  were  analyzed  for  a  number  of  assumed  con- 
ditions in  several  alternative  physical  plans .  These  studies  and  the 
alternative  plans  are  discussed  in  this  chapter. 

Glenn  Reservoir  Complex  -  A  General  Description 
The  Glenn  Reservoir  Complex  would  consist  of  three  adjacent  reser- 
voir units  located  in  the  foothills  on  the  west  side  of  the  Sacramento 
Valley  in  Glenn  and  Tehama  Counties.  The  reservoir  area  lies  between  the 
Northern  Coast  Range  of  Mountains  on  the  west  and  a  low  narrow  ridge  on 
the  east,  called  Rocky  Ridge.  The  North  Fork  of  Stony  Creek  cuts  through 
Rocky  Ridge  at  Newville  damsite.  Stony  Creek  cuts  through  low  hills  of  this 
same  formation  about  8  miles  to  the  south  at  Rancheria  damsite.  Paskenta 
Reservoir,  which  would  be  the  northern  element  of  Glenn  Reservoir  Complex, 
would  be  located  on  Thomes  Creek.  These  damsites  are  shown  in  Figure  8. 
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FIGURE    8 
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Purpose  of  Development 

The  Glenn  Reservoir  Complex  is  potentially  one  of  the  most  favor- 
able major  water  developments  in  the  State.  Although  the  unregulated 
tributary  inflow  is  relatively  small,  the  complex  is  favorably  located  to 
accomplish  reregulation  of  imported  water  from  the  North  Coastal  area.  The 
complex  could  also  provide  long-term  carryover  storage,  which  would  improve 
coordination  within  the  Central  Valley  reservoir  system.  Although  the  com- 
plex would  be  operated  primarily  for  releases  to  the  Sacramento-San  Joaquin 
Delta,  water  would  also  be  provided  for  domestic  use,  local  irrigation, 
fisheries  enhancement,  and  recreation.  In  addition  to  its  favorable  loca- 
tion, the  unit  cost  of  this  large  reservoir  storage  compares  favorably  with 
any  other  site  in  the  Central  Valley,  with  the  possible  exception  of  an 
enlarged  Lake  Berryessa. 

The  complex  offers  a  unique  opportunity  for  possible  staging. 
There  are  innumerable  possible  physical  combinations  among  dam  sizes, 
saddle  dams,  and  interconnecting  channels  to  develop  any  desired  storage 
capacity  or  to  increase  capacity  at  some  future  time  after  initial  construc- 
tion. Not  only  could  the  individual  dams  be  raised  in  elevation  at  some 
future  date  to  increase  storage  capacities  of  their  respective  reservoirs, 
but  each  component  reservoir  could  be  integrated  into  the  complex  by  replac- 
ing the  low  saddle  dam  near  Chrome,  initially  required  to  separate  the 
reservoirs,  with  a  connecting  channel. 

Description  of  Area 


The  reservoir  area  is  located  in  rolling  grass-covered  hill  land. 

The  area  is  clear  except  for  scattered  trees  and  brush,  mainly  along  the 

water  courses .  The  community  of  Elk  Creek  with  a  population  of  about  150, 

and  scattered  farms  and  rural  areas,  with  a  total  population  of  about  175^ 

are  located  in  the  proposed  reservoir  area.  The  only  industrial  development 
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in  the  area  is  a  sawmill  located  near  ELk  Creek.  Agricultural  lands  within 
the  proposed  reservoir  area  are  relatively  unproductive,  consisting  primarily 
of  open-range  grazing  lands.  A  north-south  county  road  traverses  the  entire 
length  of  the  reservoir  area.  The  existing  Stony  Gorge  Dam  and  Reservoir 
would  be  inundated  by  the  Rancheria  Reservoir  component. 

Related  Studies 

A  dam  and  reservoir  at  the  Paskenta  site  on  Thomes  Creek  has  been 
considered  as  a  possible  local  development  by  both  state  and  federal  agen- 
cies. The  Tehama  County  Flood  Control  and  Water  Conservation  Association 
considered  construction  of  Paskenta  Dam  with  possible  financial  assistance 
from  the  State  under  the  Davis-Grunsky  program.  The  Department  also  studied 
Paskenta  Reservoir  under  the  Upper  Sacramento  River  Basin  Investigation. 
The  possibility  of  constructing  Paskenta  Dam  as  part  of  a  larger  Paskenta- 
Newville  Reservoir  Project  is  discussed  later  in  this  chapter. 

A  dam  at  the  Newvllle  site  was  included  in  the  plan  presented  in 
Bulletin  No.  3-  The  proposed  950>000  acre-foot  reservoir  would  regulate 
spills  from  Paskenta  Reservoir  and  would  conserve  water  diverted  from 
Grindstone  Creek.  It  would  be  operated  in  conjunction  with  Stony  Gorge 
Reservoir  of  the  Orland  Project  to  accomplish  additional  regulation  of  Stony 
Creek.  The  Rancheria  site  on  Stony  Creek,  located  about  3  miles  upstream 
has  not  previously  been  given  consideration. 

Existing  Developments 

There  are  three  existing  reservoirs  on  Stony  Creek.  East  Park 
Reservoir,  with  a  capacity  of  51jOOO  acre-feet,  is  located  on  Little  Stony 
Creek  near  the  community  of  Stonyford.  It  was  constructed  in  I9IO  by  the 
U.  S.  Bureau  of  Reclamation  as  part  of  the  Orland  Project.  Stony  Gorge 
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Reservoir,  with  a  capacity  of  50,200  acre-feet,  is  located  on  Stony  Creek 
near  the  community  of  Elk  Creek.  It  was  constructed  by  the  Bureau  in  I928 
as  an  addition  to  the  Orland  Project.  Black  Butte  Reservoir,  with  a 
capacity  of  l60,000  acre -feet  is  located  on  Stony  Creek  about  9  miles  up- 
stream of  the  town  of  Orland,  and  was  constructed  by  the  Corps  of  Engineers 
in  1963.  Although  the  reservoir  will  be  operated  primarily  for  flood 
control,  it  will  also  provide  an  additional  firm  water  supply  from  Stony 
Creek. 

Glenn  Reservoir  Complex  with  Imports  from 
Middle  Fork  Eel  River-Studies  for  Plate  No.  3 

The  concept  of  using  the  Glenn  Reservoir  Complex  to  reregulate 
water  from  the  North  Coastal  area  was  first  considered  in  connection  with 
imports  from  the  Middle  Fork  Eel  River.   It  was  recognized  that  one  way  to 
get  around  the  lack  of  large,  cheap  storage  on  the  Middle  Fork  (other  than 
flooding  Round  Valley)  and  to  keep  the  size  of  the  diversion  tunnel  to  a 
minimum  would  be  to  divert  the  runoff  on  an  "as-available"  schedule.   The 
entrance  to  the  diversion  tunnel  would  be  set  low  in  the  reservoir  so  that 
when  high  runoff  caused  the  reservoir  to  fill,  a  high  gravity  head  would 
be  acting  to  divert  the  -v/ater   through  the  tunnel.   Thus,  the  annual  rate 
of  diversion  would  correspond  to  wet  and  dry  cycles  of  runoff  and  during 
extremely  dry  periods  little  or  no  water  would  be  diverted. 

The  studies  summarized  on  Plate  3  were  made  to  determine  the  rela- 
tionship between  new  yield  and  the  physical  project  parameters  of  a  plan 
utilizing  the  above  concept.  To  provide  a  base  for  reference,  the  Glenn 
Complex  was  first  analyzed  as  an  individual  project  with  no  imports.  A 
range  of  imports  from  the  Middle  Fork  was  then  added  to  the  Glenn  tributary 
inflow  to  evaluate  the  new  yield  of  the  entire  plan. 
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The  estimates  of  firm  annual  yield  from  the  project  are  based 
on  reregulating  the  imports  and  local  flows  to  a  uniform  release  sched- 
ule. This  is  probably  not  the  release  schedule  Glenn  Reservoir  would 
operate  on  for  efficient  coordination  with  the  Delta  and  other  Central 
Valley  reservoirs.  However,  it  provides  a  convenient  basis  for  compar- 
ison of  projects,  and  is  sufficient  for  that  purpose. 

At  the  time  the  studies  were  made,  Spencer  and  Jarbow  Reservoirs 
were  considered  to  be  the  most  favorable  alternative  conservation  features 
on  the  Middle  Fork.  In  the  studies  they  were  operated  for  a  range  of 
reservoir  capacities  and  tunnel  diameters.  The  operations  provided  water 
for  Round  Valley  and  for  fisheries  purposes  and  provided  for  diversion 
of  the  surplus  flows  on  the  schedule  described  above .  During  subsequent 
studies  it  was  determined  that  Dos  Rios  Reservoir  would  probably  be 
cheaper,  hence  more  favorable,  than  Jarbow  Reservoir. 

The  more  significant  information  shown  on  Plate  3  includes 
(l)  relationships  between  active  reservoir  storage  on  the  Middle  Fork 
Eel  River  and  surplus  water  which  can  be  diverted  to  Glenn  Reservoir 
through  various  size  tunnels;  (2)  storage-yield  relationships  for  combi- 
nations of  units  of  Glenn  Reservoir,  with  and  without  Eel  River  diversions; 
and  (3)  comparison  of  annual  unit  cost  of  new  yield  from  various  combina- 
tions of  Glenn  Reservoir,  evaluated  with  diversions  from  either  Jarbow 
Reservoir,  capacity  285,000  acre-feet,  or  Spencer  Reservoir,  capacity 
532,000  acre -feet. 

On  the  basis  of  information  presented  on  Plate  3,  "the  combi- 
nation of  a  532,000  Spencer  Reservoir,  a  10-foot  diameter  Thomes  Creek 
Tunnel,  and  a  Paskenta-Newville  Reservoir,  represents  the  most  favorable 
project  of  those  studied.  This  plan  of  development  was  presented  in 
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Bulletins  132-63  and  132-6U,  the  State  Water  Project,  as  the  initial 
facilities  to  be  constructed  in  the  North  Coastal  area. 


Hydroelectric  Power  Potential 
Associated  with  Glenn  Reservoir 


Power  Potential  Between  Middle  Fork  Eel  River  and  Glenn  Reservoir 

Studies  were  made  to  determine  the  feasibility  of  developing 
the  power  potential  between  the  Middle  Fork  Eel  River  and  Glenn  Reservoir. 
The  alternative  plans  which  were  investigated  are:  (l)  gravity  diversion 
from  either  Spencer  or  Etsel  Reservoir  through  a  tunnel  designed  for  daily 
peaking  operation,  with  a  powerplant  located  in  Grindstone  Canyon;  (2) 
gravity  diversion  from  either  Spencer  or  Etsel  Reservoirs  through  a  tunnel 
designed  for  monthly  peaking  operation,  to  a  small  reregulating  reservoir 
on  Grindstone  Creek,  with  a  powerplant  located  at  base  of  Grindstone  Dam. 
The  results  of  these  studies  showed  that  in  all  cases  the  unit 
cost  of  water  delivered  to  Glenn  Reservoir  was  greater  with  power  develop- 
ment than  without  it .  There  are  two  physical  factors  which  are  adverse 
to  power  development.   One  is  the  extremely  long  (l9  to  20  miles)  tunnel 
required  to  divert  Middle  Fork  Eel  water  to  Grindstone  Creek.   The  other 
is  the  lack  of  reservoir  sites  on  Grindstone  Creek.   The  cost  of  con- 
structing a  long  tunnel  large  enough  for  peaking  operation  is  so  much 
greater  than  the  cost  of  a  tunnel  designed  for  nonpeaking  operation  that 
the  additional  cost  more  than  off-sets  potential  net  power  revenues. 
In  the  plan  with  a  nonpeaking  tunnel,  the  cost  of  storage  on  Grindstone 
Creek  of  sufficient  capacity  to  reregulate  Middle  Fork  Eel  flows  to  a 
peaking  power  schedule  is  also  greater  than  the  potential  net  power  revenues. 
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On  the  basis  of  these  studies,  the  inclusion  of  power  features 
above  Glenn  Reservoir  is  not  justified  in  the  plans  of  diverting  water 
from  the  Middle  Fork  Eel  River  to  Glenn  Reservoir.  However,  the  possibility 
should  be  reconsidered  in  the  advance  planning  studies.  Perhaps  a  power 
development  would  appear  more  favorable  if  it  were  coordinated  with  other 
possible  power  developments  below  Glenn  Reservoir. 

Power  Potential  Between  Glenn  Reservoir  and  Sacramento  River 

Numerous  studies  have  been  made  to  determine  the  most  favor- 
able plan  for  developing  the  power  potential  between  Glenn  Reservoir  ajid 
the  Sacramento  River .  Of  the  many  plans  which  have  been  studied,  the  one 
including  powerplants  at  Newville,  Black  Butte  and  Sour  Grass  Dams  appears 
the  most  promising.  Kirkwood  Reservoir  would  function  as  a  reregulating 
afterbay.  Approximately  65O  feet  of  power  head  can  be  developed  by  this 
system . 

These  studies  were  based  on  the  assumption  that  Glenn  Reservoir 
would  not  be  operated  to  firm  flows  in  the  Sacramento-San  Joaquin  Delta 
but  instead  would  release  water  to  the  Sacramento  River  on  a  uniform 
power  schedule.  Under  a  firming  type  operation,  the  power  production 
would  be  greatly  reduced. 

Pertinent  conclusions  from  the  studies  are:  (l)  power  develop- 
ments are  not  economical  with  flows  from  either  an  individual  Paskenta- 
Newville  Reservoir  or  with  these  flows  plus  those  from  the  West  Side 
Conveyance  System;  (2)  they  might  be  economical  with  imports  from  either 
the  Middle  Fork  Eel  River  or  the  Trinity  River  or  both.  When  more  infor- 
mation on  the  future  value  of  hydroelectric  power  and  on  operational 
requirements  for  Delta  coordination  become  available,  more  definitive 
studies  of  Glenn  Reservoir  power  potential  can  be  made. 
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Coordinated  Operations  of  Glenn  and  San  Luis  Reservoirs 

One  of  the  most  difficult  problems  during  this  investigation 
has  been  to  determine  how  the  operation  of  Glenn  Reservoir  would  be  co- 
ordinated with  other  reservoirs  in  the  Central  Valley  system.   To  gain 
a  better  understanding  of  this  relationship,  a  coordinated  operation 
of  Glenn  and  San  Luis  Reservoirs  was  programmed  for  the  I.B.M.  65O  com- 
puter in  i960.  Numerous  studies  were  made  with  the  computer  to  deter- 
mine the  additional  yield  available  from  San  Luis  Reservoir,  when 
operated  coordinately  with  Glenn  Reservoir.   Inflow  to  Glenn  Reservoir 
was  varied  to  reflect  different  combinations  of  diversions  from  the 
Middle  Fork  Eel  River,  ^st  Side  Conveyance  System,  and  the  Trinity  River. 
The  effects  of  the  other  reservoirs  in  the  Sacramento  Valley  system  were 
included  as  modifications  to  the  water  supply  available  to  San  Luis 
Reservoir  from  the  Sacramento-San  Joaquin  Delta.   The  results  of  the 
studies  indicated  the  importance  of  operating  large  firming  storage, 
such  as  Glenn,  in  coordination  with  San  Luis  Reservoir. 

Subsequent  to  these  studies,  a  new  and  more  c_^mprehensive  op- 
erational program  has  been  written  for  San  Luis  Reservoir  by  the  Divisions 
of  Resources  Planning  and  Operations .   This  program,  which  is  part  of 
the  new  master  program  for  coordinated  operation  of  all  major  reservoirs 
in  the  Central  Valley,  supersedes  all  previous  studies.   It  is  antici- 
pated that  future  projects  such  as  Glenn  Reservoir  will  be  included 
in  the  program,  so  that  their  merits  can  be  more  accurately  evaluated. 
Until  these  future  projects  are  included  in  the  master  program,  approx- 
imate methods  must  be  used  to  determine  new  Delta  yield  attributable  to 
them. 

-58- 


Paskenta-Newville  Project 

In  addition  to  the  studies  made  of  the  Paskenta  Project  in 
relation  to  Tehama  County's  Davis-Grunsky  application,  a  study  was 
made  to  determine  the  merits  of  a  Paskenta-Newville  Reservoir.   This 
project  would  be  constructed  and  operated  to  develop  the  flows  of 
Thomes  and  North  Fork  Stony  Creeks.  On  the  basis  of  this  analysis,  it 
appears  that  the  project  would  be  justified  and  should  be  considered 
as  a  possible  early  addition  to  the  State  Water  Resources  Development 
System . 

Description 

The  Paskenta-Newville  Reservoir  Project  would  have  a  total 
storage  of  about  1,200,000  acre -feet.   The  project  would  consist  of  tvo 
reservoirs  with  a  connecting  spillway  channel  between  them.   Paskenta 
Reservoir  on  Thomes  Creek  would  have  a  gross  storage  capacity  of  about 
70,000  acre-feet  at  a  normal  water  surface  elevation  of  9^5  feet. 
Newville  Reservoir  would  have  a  gross  storage  capacity  of  1,130,000 
acre-feet  at  a  normal  water  surface  elevation  of  8^5  feet. 

Operation 

Paskenta  Reservoir  would  be  operated  to  provide  water  for 
local  irrigation  and  for  fisheries  enhancement  on  Thomes  Creek.   Spills 
from  the  reservoir  would  be  diverted  by  the  channel  spillway  into 
Newville  Reservoir.  The  runoff  to  Thomes  Creek  is  so  great,  in  relation 
to  the  storage  at  Paskenta  Reservoir,  that  the  reservoir  would  be  at  a 
high  operating  level  most  of  the  time  and  would  thus  be  conducive  to 
recreation  development . 

-59- 


Newville  Reservoir  w.uld  be  operated  on  a  Delta  firming 
schedule.  During  average  or  wet  years,  there  would  be  but  minor  re- 
leases from  the  reservoir;  during  critically  dry  years  the  entire  stor- 
age of  the  reservoir  could  be  released.   Thus,  there  is  a  possibility 
that  the  reservoir  could  be  full  for  a  period  of  years,  providing  a 
constant  pool  for  recreation  use. 

The  combined  long-term  (I9II-61)  mean  annual  full  natural  flow 
into  Paskenta-Newville  Reservoir  is  about  210,000  acre-feet.   Of  this, 
about  200,000  is  attributable  to  Thomes  Creek.  According  to  water 
supply  data  of  September  29,  I96O,  about  30,000  acre -feet  is  presently 
being  put  to  beneficial  use.   Thus,  on  the  average,  only  l80,000  acre- 
feet  per  year  can  be  considered  as  storable  for  new  water  development. 
As  a  practical  matter,  the  30,000  acre -feet  might  be  stored  during  the 
initial  reservoir  filling  period.  However,  this  wjuld  require  releases 
of  this  amount  of  water  from  some  other  reservoir  in  the  system  and 
would  properly  be  assigned  as  a  project  cost. 

One  factor  demanding  considerable  attention  is  the  time  re- 
quired to  fill  the  reservoir.   The  high  storage -inflow  ration  at  this 
site  requires  that  special  attention  be  given  to  the  maximum  reservoir 
capacity  which  should  be  considered.   The  largest  capacity  which  is 
being  considered  at  this  time  is  one  that  would  provide  for  annual  re- 
leases equal  to  the  long-term  mean  annual  storable  inflow  minus  evapor- 
ation losses.  Storage-yield  data  indicates  that  the  reservoir  capacity 
at  this  point,  which  might  be  called  the  "hydrologic  limit",  is  about 
1,200,000  acre -feet.  A  cursory  probability  analyses  has  shown  that  about 
ten  years  would  be  required  to  fill  a  reservoir  of  this  capacity,  assuming 
local  irrigation  and  fisheries  enhancement  releases  were  made  during  the 
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filling  period.  The  filling  time  would  represent  a  cost  in  the  econimic 
analysis  of  the  project. 

Conclusions 

1.  The  Paskenta-Newville  Reservoir  Project  appears  to  be  a 
good  early-stage  addition  to  the  State  Water  Resources  Development 
System.   The  project  would  conserve  and  develop  the  flows  of  Thomes 
and  North  Fork  Stony  Creeks . 

2.  Reconnaissance-level  studies  indicate  that  the  reservoir 
capacity  for  this  project  should  be  about  1,200,000  acre-feet. 

3-   The  combined  storage  of  1,200,000  acre -feet  in  Paskenta- 
Newville  Reservoir,  when  operated  in  coordination  with  the  Central 
Valley  Reservoir  system,  could  develop  a  total  annual  yield  of  about 
200,000  acre-feet.   Portions  of  this  new  water  supply  would  be  avail- 
able for  corasumptive  use  in  West  Side  Sacramento  Valley  service 
areas,  for  fisheries  enchancement,  and  for  export  to  the  Sacramento- 
San  Joaquin  Delta. 

h.     The  estimated  capital  cost  of  this  project  is  about 
$30,000,000.  If  all  costs  are  allocated  to  conservation,  the  average 
annual  unit  cost  of  the  200,000  acre-feet  of  yield  is  approximately 
$6.75  pel"  acre-foot.  Conclusion  that  this  is  a  good  early  stage 
project  results  from  comparisons  with  other  proposed  early  stage 
developments . 
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West  3ide  Conveyance  F-ystem 

The  W;st  Side  Conveyance  System  would  consist  of  a  series  of 
inter-connected  reservoirs  on  the  upper  reaches  of  Cottonwood,  Red 
B?jrk,  and  Elder  Creeks  in  Shasca  and  Tehama  Counties.   It  would  extend 
from  the  Middle  Fork  of  Cottonwood  Creek  south  to  Thomas  Creek,  a 
distance  of  Uo  miles.  The  system  would  necessitate  construction  of  l6 
JaiiiS,  ranging  in  heights  to  ?85  feet;  and  open  channel  cuts  through  the 
intervening  riiges,  ranging  in  depths  to  l8o  feet.   Of  the  alternative 
•alignments  which  have  beei.  studied,  one  generally  following  the  1,000- 
foot  contour  was  selected  as  the  most  favorable.  The  component  featu"e£ 
and  pertinent  data  of  the  sys-tem  are  showri  on  Flate  12. 

lurpose 

The  primary  purpose  of  the  system,  as  the  r.ame  implies,  is 
for  conveyance  of  water  to  the  Glenn  Reservoir  Complex.   The  water 
sources  would  be  imports  from  the  Trinity,  Mad,  Van  Duzen ,  and  Klamath 
Rivers  and  surplus  flows  of  Cottonwood,  Red  B  nk  and  Eld'^r  Creeks. 
Thert'  also  would  be  benefits  associated  with  the  'West  Side  Conveyance 
^System  from  flood  control,  fi3r,eries  enhancement,  recreation,  local 
i'^rigation  and  power. 

Descripbion  of  Area 

The  system  would  Vie  located  in  the  foothills  of  the  Northern 
Coast  Ranges,  an  area  of  moderate  relief.  The  highest  ridges  in  the 
Lmjnediate  area  rise  to  ar  elevation  of  1,500  feet,  while  the  elevation 
of  the  major  stream  channels  is  about  1,000  feet.  The  topography  Is 
characterized  by  sharp  V-shaped  canyons  with  numerous  tributaries,  all 
conspicuously  marked  by  surface  erosion. 
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The  ground  cover  is  range  grasses,  brush,  and  a  few  trees. 
The  brush  covered  areas  are  typified  by  chamise,  buckbrush,  yerba  santa, 
manzanita,  and  toyon .  Blue  oak  and  digger  pine  are  found  on  the  hilly 
land,  while  tree  types  along  the  stresim  courses,  include  cottonwood, 
buckeye,  oak  and  willow.   The  climate  is  characterized  by  hot  dry 
summers.  Winters  are  usually  moderate,  with  many  clear,  comfortable  days 
between  storms . 

Alternative  Conveyance  Routes 

It  is  presently  envisioned  that  water  developed  on  the  Trinity, 
Mad,  Van  Duzen,  and  the  Klamath  Rivers  would  be  routed  to  the  Sacramento 
Valley  through  Helena  Reservoir.   There  are  two  alternative  diversion 
routes  from  Helena  Reservoir  to  the  Sacramento  Valley.   They  are:  (l) 
via  a  12-mile  gravity-flow  tunnel  to  Clear  Creek,  thence  through  a  series 
of  power  reservoirs  on  Clear  Creek,  a  tributary  to  the  Sacramento  River; 
and  (2)  via  20-mile  gravity-flow  tunnel  into  Cottonwood  Creek,  thence 
through  Selvester  Reservoir  and  powerplant,  through  the  West  Side 
Conveyance  System  into  the  Glenn  Reservoir  Complex  and  into  the  Sacramento 
River . 

Present  studies  indicate  that  the  Clear  Creek  route  is  more 
favorable  than  the  Cottonwood  Creek  route.  However,  no  firm  decision 
can  be  made  until  more  detailed  information  becomes  available.   There 
are  two  factors  which  will  have  considerable  bearing  on  this  decision. 
One  is  the  determination  of  the  amount  of  reregulatory  storage  necessary 
to  make  the  schedule  of  diversions  from  the  Trinity  River  compatible  with 
demands  in  the  Central  Valley;  the  other  is  the  future  unit  value  of 
hydroelectric  power.  The  alternative  routes  are  discussed  in  the  next 
section  of  this  chapter. 
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Water  Supply 

Surface  runoff  in  this  area  generally  follows  the  precipitation 
pattern,  since  contribution  from  snow  melt  is  negligible.  The  average 
seasonal  precipitation  on  the  area  above  the  West  Side  Conveyance  System 
ranges  from  25  inches  in  the  lower  elevations  to  TO  inches  in  the  higher 
elevations .  The  average  for  the  693  square  mile  drainage  area  is  about 
UO  inches. 

There  are  no  stream  gaging  stations  along  the  route  of  the 
conveyance  system.  Therefore,  water  supply  was  based  on  area-precipitation 
relationships  with  recorded  flows  from  nearby  stations .  The  base  sta- 
tions which  were  used  in  determining  these  relationships  are  Cottonwood 
Creek  near  Cottonwood  and  Thomes  Creek  near  Paskenta.  The  20-year  (1922-^+1) 
mean  annual  natural  runoff  of  the  area  above  the  West  Side  Conveyance 
System  is  estimated  to  be  ^30,000  acre-feet.  The  storable  inflow  for 
this  same  period  is  about  330,000  acre-feet  per  year. 

Operation 

The  West  Side  Conveyance  System  would  remove  flood  flows  from 
the  upper  reaches  of  Cottonwood,  Redbank,  and  Elder  Creeks.  These  flood 
flows,  along  with  the  imported  water  from  the  North  Coastal  area,  would 
be  conveyed  to  Glenn  Reservoir  for  regulation.  It  would  be  necessary  to 
maintain  the  reservoirs  of  the  West  Side  Conveyance  System  at  or  near 
normal  pool  level  in  order  to  allow  flow  through  the  system.  However, 
releases  would  be  made  to  the  various  local  streams  for  fisheries  en- 
hancement and  local  use.  During  a  period  of  extreme  drought  the  water 
stored  in  the  reservoirs  below  cut  level  could  be  released  for  downstream 
use.  The  combined  active  storage  in  the  system  amounts  to  about  600,000 
acre-feet.  The  open  channels  between  Reservoirs  of  the  West  Side  Conveyance 
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System  would  pass  a  base  flow  of  10,000  second-feet,  plus  sufficient 
capacity  to  carry  the  standard  project  flood  peak  outflow  from  the 
component  reservoirs .  The  probable  maximum  flood  was  routed  through 
the  system  to  determine  depth  of  cuts  and  freeboard  allowances .  The 
base  inflow  of  10,000  second-feet  was  selected  as  being  representative 
of  the  magnitude  of  future  imports  from  the  Trinity  and  Klamath  Rivers . 

Benefits 

Although  detailed  evaluations  of  benefits  have  not  been  made, 
the  physical  and  operational  characteristics  of  the  Vfest  Side  Conveyeince 
System  appear  favorable  for  the  development  of  fisheries  enhancement, 
flood  control,  and  recreation. 

The  system  is  located  in  the  upper  reaches  of  the  drainage 
basins  and  could,  in  association  with  Trinity  and  Klamath  River  imports, 
provide  flows  for  downstream  release .  These  factors  together  with  the 
availability  of  spawning  gravels  make  the  West  Side  Conveyance  System  a 
potentially  good  fisheries  enhancement  project. 

As  mentioned  previously,  flood  flows  would  be  removed  from  the 
upper  basins  of  the  tributary  streams.  Thus,  the  system  would  provide  a 
large  amount  of  flood  control  within  these  drainages.  In  addition,  there 
would  be  a  reduction  of  flood  flows  in  the  Sacramento  River. 

The  West  Side  Conveyance  System  would  be  operated  in  such  a 
manner  that  water  levels  in  the  reservoirs  would  fluctuate  very  little . 
This  type  of  operation  would  be  conducive  to  recreation  development.  The 
system  is  located  in  rolling  hill  country,  and  although  some  steep  canyons 
are  encountered,  most  of  the  terrain  has  the  characteristics  for  econom- 
ical development  of  recreation  access  and  facilities.  However,  recreation 
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development  on  the  West  Side  Conveyance  System  would  be  inhibited  by  the 
presence  of  Shasta  Lake,  Whiskeytown,  and  Trinity  Reservoirs  to  the  north, 
and  Glenn,  Black  Butte,  and  Oroville  Reservoirs  to  the  south. 

Along  with  the  development  and  conveyance  of  export  water,  the 
West  Side  Conveyance  System  could  supply  water  to  local  agricultural 
service  areas  in  the  lower  Cottonwood  Creek  Basin  and  in  other  minor 
drainages . 

Studies  for  Plate  12 

Although  primary  consideration  was  given  to  the  West  Side 
Conveyance  System  as  part  of  the  works  for  diverting  Trinity  and  Klamath 
River  flows  to  Glenn  Reservoir,  the  system  was  also  studied  as  an  indi- 
vidual project  of  conservation  works.  In  this  plan,  the  system  would 
conserve  and  divert  to  Glenn  Reservoir  surplus  flows  from  the  tributary 
streams.  Plate  12  presents  a  summary  of  the  costs  and  yield  accomplish- 
ments of  a  plan  including  the  West  Side  Conveyance  System,  Glenn  Reser- 
voir Complex,  and  imports  from  the  Middle  Fork  Eel  River. 

Pertinent  conclusions  which  can  be  drawn  from  Plate  12  are: 
the  West  Side  Conveyance  System  can  develop  a  net  new  yield  of  about 
320,000  acre-feet,  when  operated  in  conjunction  with  Glenn  Reservoir 
with  a  capacity  of  about  8,000,000  acre-feet.  The  corresponding  capital 
and  annual  unit  costs  of  the  yield  are  $130,000,000  and  $20  per  acre-foot 
respectively. 

Related  Studies 

The  West  Side  Conveyance  System  includes  the  proposed  Fiddlers 
Reservoir  on  the  Middle  Fork  of  Cottonwood  Creek.  Fiddlers  Reservoir 
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was  also  studied  under  the  Department's  Upper  SacraTiento  River  Basin 

Investigation,  which  included  the  entire  Cottonwood  Creek  Basin  and 

the  Thomes  Creek  Basin  above  Paskenta.  Under  the  Upper  Sacramento  River 

Basin  Investigation,  numerous  individual  projects  including  Fiddlers, 

Dippingvat,  and  Rosewood  Reservoirs  have  been  investigated  for  purposes 

of  local  water  supply,  flood  control,  fisheries  enhancement  and  recreation. 


Alternative  Conveyance  Routes 
Trinity  and  Klamath  River  Developments 


Studies  to  date  have  indicated  that  Helena  Reservoir  on  the 
Trinity  River  would  be  the  most  favorable  forebay  for  all  Trinity  and 
Klamath  River  diversions  to  the  Sacramento  River  Basin.  There  are  two 
basic  routes  for  the  necessary  tunnel  from  Helena  Reservoir  to  the 
Sacramento  River  Basin:  either  to  Clear  Creek  or  to  Cottonwood  Creek. 
The  component  features  of  these  two  routing  plsins  are  shown  schematically 
on  Figure  9-   Pertinent  physical  data  and  estimated  costs  are  presented 
on  Plates  8  and  8A . 
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CHAPTER  V.   TRINITY,  MAD,  VAN  EUZEN  RIVER  BASINS 

The  vater  resources  of  the  Trinity,  Mad,  and  Van  Duzen  Rivers  could 
be  developed  through  staged  construction  of  three  physically  integrated 
projects.  The  overall  development,  collectively  termed  the  Trinity  River 
Development,  would  be  comprised  of  conservation  featxires  on  the  three  North 
Coastal  streams  and  conveyance  facilities  to  and  within  the  Sacramento 
RLver  Basin.  Only  the  alternative  conservation  works  are  discussed  in  this 
chapter.  The  conveyance  systems  are  discussed  in  Chapter  III. 

The  drainage  boundaries,  stream  system,  and  damsite  locations  are 
shown  on  Figure  10.   Pertinent  topographic  and  hydrographic  data,  referenced 
to  damsites,  are  presented  in  Tables  k   and  5. 

The  three  projects  would  develop  about  1.8  million  acre-feet  of 
new  annual  yield,  in  approximately  equal  increments.  The  first  stage  of 
development  would  include  a  major  dam  on  the  main  stem  of  the  Trinity  River 
located  about  h2  miles  below  Lewiston  Dam.  The  second  stage  would  include 
development  of  the  water  resources  of  the  South  Fork  Trinity  River,  either 
with  a  reservoir  on  that  stream  or  by  a  reservoir  on  the  lower  main  Trinity 
River.  The  third  stage  would  be  to  develop  the  Mad  and  Van  Duzen  Rivers  and 
divert  the  new  yield  to  and  through  the  works  of  the  first  two  stages. 

The  discussion  of  alternative  plans  for  the  Trinity  River  Develop- 
ment is  preceeded  by  a  short  section  on  existing  water  development. 

Existing  Development 

The  only  existing  water  development  project  in  the  Trinity  River 
Basin  is  the  Bureau  of  Reclamation's  Trinity  River  Division  of  the  Central 
Valley  Project.  This  development  which  was  completed  in  I963,  includes  four 
dams,  four  powerplants,  two  tunnels,  and  a  fish  hatchery.  Trinity  Dam  and 
Reservoir  on  the  Trinity  River,  the  major  storage  feature,  has  a  gross  stor«ige 
capacity  of  2,500,000  acre-feet  at  a  normal  pool  elevation  of  2,370  feet. 
Releases  from  Trinity  Reservoir  are  utilized  by  the  100, 000 -kilowatt  Trinity 
Powerplant.  Water  released  from  Trinity  Powerplant  is  reregulated  In  Lewiston 
Reservoir,  which  has  a  gross  storage  capacity  of  14,600  acre-feet  at  a  normal 
pool  elevation  of  1,902  feet.  Releases  from  Lewiston  Reservoir  are  utilized 
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by  the  350-kilowatt  Levriston  Powerplant  and  also  provide  dofwnstream  releases 
for  the  important  Trinity  River  fishery.  A  fish  hatchery  is  located  just 
below  Lewiston  Dam,  for  maintenance  of  the  Trinity  River  fisheries.  Most  of 
the  water  developed  by  the  project  is  diverted  from  Lewiston  Reservoir 
through  Clear  Creek  Tunnel  (IT. 5  feet  in  diameter  and  10.8  miles  in  length 
to  the  13*^,000 -kilowatt  Clear  Creek  Powerplant  which  is  just  above 
Whiskeytown  Reservoir.  Whiskeytown  Reservoir  has  a  normal  pool  elevation 
of  1,210  feet  and  a  gross  storage  capacity  of  250,000  acre-feet.   Releases 
are  made  to  Clear  Creek  from  Whiskeytown  Reservoir  for  downstream  uses  and 
fish  enhancement.  Water  is  diverted  from  Whiskeytown  Reservoir  through 
Spring  Creek  Tunnel  (l8.5  feet  in  diameter  and  2.9  miles  in  length)  to  the 
15 0,000 -kilowatt  Spring  Creek  Powerplant,  thence  into  Keswick  Reservoir  on 
the  Sacramento  River.   Spring  Creek  Debris  and  Pollution  Control  Dam,  which 
is  a  part  of  the  Trinity  River  Project,  is  operated  for  pollution  control  of 
the  upper  Sacramento  River.   In  summary,  the  Trinity  River  Division  provides 
a  downstream  release  of  120,000  acre-feet  per  year,  ein  average  annual 
diversion  of  865,000  acre-feet  into  the  Sacramento  River  Basin,  and  develops 
a  dependable  power  capacity  of  S^,0(X)   kilowatts. 

The  two  existing  water  development  projects  in  the  Mad  River  Basin 
which  are  both  owned  and  operated  by  the  Humboldt  Bay  Municipal  Water  District 
include  Ruth  Dam  and  Reservoir  and  Sweasy  Dam  and  Reservoir.   Ruth  Reservoir 
on  the  upper  Mad  River  has  a  normal  pool  elevation  of  2,6^k   feet  and  a  gross 
storage  capacity  of  52,000  acre-feet.  Firming  releases  from  Ruth  Reservoir 
provide  a  yield  of  81*^,000  acre-feet  per  year.  The  water  is  pimiped  from  the 
Mad  River  near  Areata  by  means  of  three  Ranney  collectors,  for  distribution 
to  the  Arcata-Eureka  area. 

There  are  no  water  development  projects  in  the  Van  Duzen  River 
Basin  at  the  present  time. 

First  Stage  Trinity  River  Developnent 

The  first  stage  of  additional  Trinity  River  Development  would  be 
to  conserve  water  on  the  main  stem  of  the  Trinity  River,  below  Lewiston  Dam. 
The  project  would  include  one  large  reservoir  on  the  Trinity  River  and  a 
diversion  tunnel  throijgh  the  mountains  to  the  Sacramento  River  Basin.  Two 
damsites,  Helena  and  Big  Bar,  were  investigated  as  possibilities  for  impound- 
ing the  required  storage.  Big  Bar  damsite  is  about  135  feet  lower  in 
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streambed  elevation  than  Helena.  In  all  aspects  in  which  the  two  sites 
were  ccmpared,  Helena  was  considerably  more  favorable.  These  points  of 
comparison  included  cost  of  gross  storage,  cost  of  active  storage,  cost  of 
new  water  yield,  and  cost  of  transbasin  diversion  tunnel.  For  these 
reasons,  it  is  presently  assumed  that  the  first  stage  project  will  include 
Helena  Dam  and  Reservoir. 

Helena  Reservoir  would  back  water  up  to  the  toe  of  Lewiston  Dam, 
which  acts  as  a  control  on  the  sizing  of  the  project.  The  reservoir  would 
have  a  gross  capacity  of  2,860,000  acre-feet  and  a  water  svirface  area  of 
15,800  acres  at  a  normal  pool  elevation  of  l,8'i-0  feet.  The  dam  would  be 
rockfill,  about  585  feet  high.  Pertinent  physiceC  and  cost  data  for  Helena 
Dam  and  Reservoir  is  summarized  on  Plate  No.  9. 

Second  Stage  Trinity  River  Developnent 

The  alternative  plans  for  the  second  stage  of  the  Trinity  River 
Development  are  more  numerous,  considerably  more  complex,  and  offer  a  greater 
planning  latitude  than  plcms  for  the  first  stage.  Considerable  additional 
study  is  required  before  the  most  favorable  plan  can  be  selected. 

Most  of  the  water  supply  for  the  second  stage  will  be  derived  from 
the  South  Fork  Trinity  River.  An  additional  increment  could  come  from  the 
New  River.  Both  of  these  streams  could  be  developed  either  by  on-stream 
storage  reservoirs  with  tunnel  diversions  to  the  main  Trinity  River,  or  by 
a  large  reservoir  on  the  lower  main  stem,  which  in  effect  would  develop  the 
streams  as  main  stem  accretions  below  Helena  DEun. 

In  this  section,  four  alternative  plans  for  the  second  stage 
project  are  presented.  These  plans  are  shown  schematically  in  Figures  11  and 
12.  A  brief  discussion  of  each  plan  follows. 

Gravity  Plan 

This  project  would  include  a  large  ELtapom  Dam  and  Reservoir  on 
the  South  Fork  Trinity  River  euid  a  gravity-flow  tunnel  to  Helena  Reservoir. 
This  plan  was  presented  in  the  Preview  Report  to  Bulletin  No.  I36,  published 
in  September  I963.  The  project  would  not  include  any  development  of  the 
New  River. 

The  advantages  of  this  pleui  axe  that  the  full  yield  potential  of 
the  South  Fork  at  Eltapom  damsite  would  be  developed  (about  600,000  acre-feet 
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annually)  and  a  gravity-flow  system  would  be  provided  for  third-stage  diver- 
sions from  the  Mad  and  Van  Duzen  Pdvers. 

The  disadvantage  of  this  plan  is  related  to  the  height  of  dam  which 
would  be  required  at  ELtapom  damsite.  A  high  dam,  and  a  large  inactive 
storage,  is  needed  because  of  the  relative  elevations  of  ELtapom,  and  Helena 
sites  and  the  diversion  tunnels  to  and  from  Helena  Reservoir.  Geologic 
investigation  has  revealed  two  faults  at  the  ELtapom  damsite.  These  are 
reflected  in  an  unfavorably  high  cost  estimate,  if  indeed  a  hi^  structure 
covild  ever  be  built  on  the  site. 

A  simmary  of  data  on  the  gravity  plan  is  presented  on  Plate  lOA. 

Pmnp  Plan 

This  plan  was  formulated  subsequent  to  the  aforementioned  "gravity 
plan"  as  an  alternative  to  a  high  dam  at  the  ELtapom  site.  This  is  the 
project  presented  in  Biolletin  No.  I36. 

The  "pump  plan"  of  second  stage  development  woiald  include  three 
dams,  two  tunnels,  and  a  pumping  plant.  A  summary  of  data  on  the  plan  and 
its  features  is  presented  in  PLate  lOB.  The  following  paragraphs  briefly 
describe  each  feature. 

Under  this  plan,  ELtapom  Reservoir  would  be  formed  by  construction 
of  a  330-foot  high  earthfill  dam  on  the  South  Fork  Trinity  River  immediately 
downstream  of  Eltapcm  Creek.  At  a  normal  pool  elevation  of  1,522  feet,  the 
reservoir  would  have  a  gross  capacity  of  730,000  acre-feet  and  a  water 
surface  area  of  ^+,650  acres.  The  reseinroir  would  conserve  the  surplus  flows 
of  the  South  Fork  suid  reregulate  third  stage  diversions  from  the  Mad-Van  Duzen 
Project.  Approximately  1|00,000  acre-feet  of  water  would  be  diverted  annually 
from  the  reservoir  through  War  Cry  Tunnel  to  Burnt  Ranch  Reservoir.   Releases 
also  would  be  made  for  fisheries  and  downstream  needs. 

War  Cry  Tunnel  would  extend  from  ELtapom  Resein/^oir  to  Burnt  Ranch 
Reservoir.  The  tunnel  woiJ-d  be  15  feet  in  diameter  and  10.2  miles  long. 
It  would  be  sized  to  include  capacity  for  later-staged  water  from  the  Mad- 
Van  IXizen  Project. 

The  diversion  of  about  120,000  acre-feet  of  water  from  the  New 
River  to  Burnt  Rcmch  Reservoir  would  be  accomplished  by  Beartooth  Reservoir 
and  New  River  Txinnel.  Beartooth  Resei-voir  would  be  formed  by  a  285 -foot  high 
earthfill  dam  on  the  New  River  about  1  mile  upstream  of  Panther  Creek.  The 
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reservoir  vovild  have  a  gross  capacity  of  36,000  acre-feet  euid  a  water  surface 
area  of  4lO  acres  at  a  normal  pool  elevation  of  1,^75  feet.  New  River  Tunnel 
would  be  12  feet  in  diameter  and  8.3  miles  long. 

Burnt  Ranch  Reservoir  would  be  formed  by  construction  of  a  600- 
foot  high  rockfill  dam  on  the  Trinity  River  about  3  miles  upstream  of  the 
confluence  with  the  New  River.  The  reservoir  would  have  a  gross  capacity 
of  980,000  acre-feet  euid  a  water  surface  area  of  5,300  acres  at  a  normal 
pool  elevation  of  1,^37  feet.  The  reseirvoir  would  develop  about  80,000 
acre-feet  of  new  yield  from  the  incremental  runoff  between  Helena  Dam  and. 
Burnt  Ranch  Dam.  It  would  also  reregulate  diversions  from  the  South  Fork 
Trinity  RLver  and  the  New  River  ajid  would  serve  as  a  forebay  for  the  Helena 
Pumping  Plant. 

Gaynor  Plan 

Under  this  plan  water  would  be  diverted  from  Gaynor  Reservoir  on 
the  lower  South  Fork  Trinity  River  to  Ironside  Reservoir  on  the  main  stem 
Trinity.  The  developed  water  would  be  pumped  from  Ironside  into  Burnt  Ranch 
Reservoir,  then  into  Helena  Reservoir.  This  plan  has  the  advantage  of  a 
short  tunnel  from  the  South  Fork  to  the  Trinity  River.  However,  the  liLan 
is  apparently  less  favorable  than  either  the  preceding  pump  plan  or  the 
Horse  Linto  Flan. 

Horse  Linto  Plan 

The  fourth  basic  alternative  plan  for  second-stage  Trinity  River 
Development  would  be  to  construct  a  large  conservation  reservoir  on  the 
lower  main  Trinity  River,  below  the  South  Fork's  confluence,  and  punp  the 
develoi>ed  yield  up  throxigh  two  small  reservoirs  and  into  Helena  Reservoir. 
A  dam  at  the  Horse  Linto  site,  located  Just  above  Hoopa  VeHley,   could  impound 
the  required  large  reservoir.  The  two  smaller  reservoirs  would  be  Ironside 
Mountain  and  Burnt  Ranch.  Three  pumping  plants  would  be  required  in  this 
plan. 

Only  cursory  analysis  has  been  made  of  this  plan  to  date.  Its 
apparent  advantages  are  that  the  Horse  Linto  site  looks  favorable  from  a 
cost  standpoint  and  the  plan  would  take  advantage  of  projected  lower  energy 
costs  for  pumping.  One  possible  disadvantage,  which  could  turn  out  to  be 
irrevelant,  is  that  the  plan  would  not  be  compatible  with  a  later-staged 
big  Humboldt  Dam  and  Reservoir. 
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Third  Stage  Trinity  River  Development 

The  third  stage  of  the  Trinity  River  Development  would  be  to 
develop  water  on  the  Mad  and  Van  Duzen  Rivers  and  convey  it  to  and  through 
the  works  of  the  two  previous  stages.  The  basic  features  and  functional 
aspects  of  the  plan  would  be  as  follows:   either  one  or  two  reservoirs 
would  be  constructed  on  the  Van  Duzen  River  and  the  yield  diverted  by 
tunnel  or  conduit  to  the  Mad  River  Basin;  a  new  reservoir  would  be  con- 
structed on  the  Mad  River,  to  supplement  Ruth  Reservoir  and  to  serve  as  a 
forebay  for  diversion  to  the  South  Fork  Trinity  River  Basin. 

A  number  of  alternative  plans  for  developing  the  Mad  and  Van  Duzen 
Rivers  have  been  analyzed.  Several  of  the  plans  have  been  studied  in 
considerable  detail;  others  have  received  only  a  reconnaissance  appraisal 
of  their  functional  and  operationeLL  aspects.   Six  possible  plans  are  pre- 
sented in  this  section.   Four  of  these  are  shown  schematically  in  Figure  13. 
A  brief  discussion  of  each  plan  follows. 

Plan  Shown  in  Bulletin  No.  I36 

The  plan  shown  in  Bulletin  No.  I36  would  include  two  dams  on  the 
Van  Duzen  River,  two  new  dams  and  the  enlargement  of  Ruth  Dam  and  Reservoir 
on  the  Mad  River,  two  tunnels,  and  one  powerplant.  About  600,000  acre-feet 
of  firm  yield  would  be  diverted  to  the  South  Fork  Trinity  River  for  sub- 
sequent conveyance  to  the  Sacramento  River  Basin.   Pertinent  data  for  the 
plan  is  svmmiarized  on  Plate  No.  11.  Project  features  are  described  briefly 
in  the  following  pareigrajiis. 

Larabee  Valley  Dam  and  Reservoir.  Larabee  Valley  Reservoir  would 
be  formed  by  the  construction  of  a  i<-52-foot  high  earthfill  dam  on  the  South 
Fork  Van  Duzen  River  about  I.5  miles  upstream  from  the  confluence  with  the 
main  stem  of  the  Van  Duzen  River.  The  reservoir  would  have  a  gross  capacity 
of  568,000  acre-feet  and  a  water  surface  of  ^,050  acres  at  a  normal  pool 
elevation  of  2,686  feet.  Approximately  130,000  acre-feet  per  year  would  be 
diverted  from  Larabee  Valley  Reservoir  through  a  2. 5  mile-long  pipeline  to 
Baton  Reservoir. 

Eaton  Dam  and  Reservoir.   Eaton  Reservoir  would  be  formed  by  the 
construction  of  a  38l-foot  high  earthfill  dam  on  the  Van  Duzen  River  approxi- 
mately 1.5  miles  upstream  of  the  confluence  with  the  South  Fork  Van  Duzen. 
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The  reservoir  would  have  a  gross  capacity  of  635,000  acre-feet  and  a  water 
surface  area  of  '<-,050  acres  at  a  normal  pool  elevation  of  2,6l6   feet. 
Approximately  200,000  acre-feet  of  new  water  would  be  developed  by  Eaton 
Reservoir.  This  water,  together  with  the  diversion  from  Larabee  Valley 
Reservoir,  would  be  diverted  via  an  0.8-mile  long  Mad  River  Tunnel  to 
Anderson  Ford  Reservoir  on  the  Mad  River. 

Anderson  Ford  Dam  and  Reservoir.  Anderson  Ford  Reservoir  would  be 
formed  by  the  construction  of  a  372-foot  high  earthfill  dam  on  the  Mad  River 
immediately  downstream  of  Pilot  Creek.  The  reservoir  would  have  a  gross 
capacity  of  l6o,000  acre-feet  and  a  water  surface  area  of  1,400  acres  at  a 
normal  jxxdI  elevation  of  2,i*-15  feet.  Approximately  125,000  acre-feet  of  new 
water  would  be  developed  by  Anderson  Ford  Reservoir.  Approximately  600,000 
acre-feet  of  new  yield  developed  from  the  Mad  and  Van  Duzen  Rivers  would  be 
diverted  from  Anderson  Ford  Reservoir  via  South  Fork  Tunnel  to  the  South  Fork 
Trinity  River. 

South  Fork  Tunnel  and  Powerplant.  Water  diverted  from  Anderson 
Ford  Reservoir  would  flow  through  a  l<-.7-inile  long  South  Fork  Tunnel  to  the 
South  Fork  Powerplant.  The  estimated  capital  cost  of  the  15 -foot  diameter 
tunnel  is  $28  million.  The  South  Fork  Powerplant,  located  on  the  edge  of 
Eltapom  Reservoir,  would  develop  about  720  feet  of  power  head. 

Enlarged  Ruth  Reservoir.  An  enlarged  Ruth  Reservoir  woiJ.d  be 
formed  by  the  construction  of  a  277-foot  high  earthfill  dam  on  the  Mad  River. 
The  existing  dam  wovild  be  utilized  as  part  of  the  enlarged  embankment.  The 
present  capacity  of  52,300  acre-feet  would  be  Increased  to  a  gross  capacity 
of  14-80,000  acre-feet.  The  new  reservoir  wovild  have  a  water  surface  area  of 
5,^20  acres  at  a  normal  pool  elevation  of  2,787  feet.  The  existing  recreation 
development  would  be  relocated  to  the  edge  of  the  enlarged  lake.  Approxi- 
mately 1^5,000  acre-feet  of  new  yield  could  be  developed  by  the  enlarged 
lake.   Project  commitments  of  the  Himiboldt  Bay  Municipal  Water  District 
would  be  met  from  replacement  storage  constructed  on  the  Mad  River  at  the 
Butler  Valley  site. 

Butler  Valley  Dam  and  Reservoir.   Butler  Valley  Reservoir  would  be 
formed  by  the  construction  of  a  225-foot  high  earthfill  dam  on  the  Mad 
River  about  6  miles  upstream  of  Sweasy  Dam.  More  recent  area-elevation- 
capacity  data  than  that  utilized  for  page  90  of  Bulletin  No.  I36  and  for 


Plate  No.  11  indicate  that  the  reservoir  would  have  a  gross  capacity  of 
9^,000  acre-feet  and  a  water  surface  area  of  l,46o  acres  at  a  normal  jxsol 
elevation  of  ^6o  feet.  Water  developed  in  the  reservoir  would  be  released 
to  provide  a  supply  to  the  Eureka-Arcata  area.   FTows  would  also  be  provided 
for  fisheries. 

Bulletin  No.  3  Plan 

This  plan  was  formulated  in  195^  for  inclusion  in  Bulletin  No.  3, 
The  California  Water  Plan,  published  in  1957.  The  system  included  Eaton  Dam 
and  Reservoir,  Mad  Tunnel,  Ranger  Station  Dam  and  Reservoir,  Sulphur  Glade 
Tunnel,  and  Sulphur  Glade  Powei^lant.   In  the  plan,  Ranger  Station  Reservoir 
would  function  as  the  storage  and  diversion  reservoir  on  the  Mad  River  and 
Eaton  Reservoir  would  be  the  storage  reservoir  on  the  Van  Duzen  River. 
Approximately  UOO,000  acre-feet  per  year  of  firm  yield  would  be  developed  by 
these  works. 

Out-of-Basin  Storage  Plan 

The  objective  of  this  plan  would  be  to  divert  the  maximum  amount  of 
water  from  the  Mad  and  Van  Duzen  Rivers  to  the  South  Fork  Trinity  River.   It 
wovild  be  feasible  only  if  a  large  reservoir  such  as  Horse  Linto  were  con- 
structed on  the  Trinity  River.   Under  such  a  plan  Forks  Reservoir  at  the 
junction  of  the  South  Fork  and  main  stem  of  the  Van  Duzen  River  and  Bug  Creek 
Reservoir  on  the  Mad  River  would  function  primarily  as  diversion  features. 
This  plan  has  not  received  detailed  analysis.   It  appears,  however,  that  up 
to  750,000  acre-feet  could  be  diverted  annually  with  this  system. 

Smaller  Scale  Alternative  to  Bulletin  No.  I36  Plan 

Two  of  the  reservoirs  in  the  Bulletin  No.  I36  plan,  Anderson  Ford 
and  Larabee  Valley,  are  relatively  costly  for  the  amount  of  water  developed. 
An  alternative  would  consist  of  a  plan  of  similar  functional  characteristics 
but  on  a  smaller  scale.   Under  this  plan.  Eight  Mile  Dam  and  Reservoir 
would  be  substituted  for  Anderson  Ford  and  Baseline  Dam  and  Reservoir  would 
be  substituted  for  Larabee  Valley.  This  plan  has  not  been  analyzed  in 
detail,  but  it  appears  350,000  of  annual  yield  could  be  developed. 

Eight  Mile  Dam  and  Reservoir  would  be  located  on  the  Mad  River 
approximately  2.5  miles  downstream  from  the  Humboldt -Trinity  County  Line. 


In  comparison  to  Anderson  Ford  damsite,  Eight  Mile  damsite  has  three 
advantages:  (l)  the  streambed  elevation  is  approximately  200  feet  higher, 
thus  requiring  a  lower  dam  to  provide  water  at  equal  elevation;  (2)  the 
construction  materials  are  closer  to  Eight  Mile  damsite  than  Anderson  Ford 
damsite  (most  of  the  fill  material  for  these  dams  would  come  from  the 
Van  Duzen  River  above  the  town  of  Dinsmores);  eind  (3)  the  unit  cost  of  water 
from  the  Eight  Mile  system  appears  to  be  lower  than  that  from  the  Anderson 
Ford  system.  Eight  Mile  Reservoir  would  have  the  major  disadvantage  of 
not  developing  the  principal  tributary  of  the  Mad  River,  Pilot  Creek,  and 
therefore  would  provide  less  yield  than  Anderson  Ford  Reservoir. 

Baseline  Dam  £uid  Reservoir  would  be  located  on  the  South  Fork 
Vaji  Duzen  River  approximately  one-half  mile  north  of  the  Humboldt  Baseline. 
This  reservoir  would  not  develop  water  for  export  out  of  the  basin,  but 
would  be  for  fish  maintenance  and  possibly  enhancement  flows  in  the  South 
Fork  and  main  stem  of  the  Van  Duzen  River.  Baseline  Dam  and  Reservoir  would 
eliminate  the  necessity  for  fish  releases  out  of  Eaton  Reservoir,  thereby 
increasing  the  yield  of  Eaton  Reservoir.  This  project  has  definite  i>ossibi- 
lities  and  should  be  investigated  further. 

Alternatives  to  Bulletin  No.  3  System 

In  an  office  report  of  March  I958  entitled  "Office  Report  on 
Preliminary  Investigation  of  Mad  River" ,  two  systems  were  discussed  that  were 
alternatives  to  the  Bulletin  No.  3  system. 

The  first  alternative  consisted  of  a  dam  at  the  Ruth  site,  which 
wovild  be  the  main  storage  feature;  a  dam  at  the  Olsen  site  about  k.^   miles 
downstream  from  the  Ruth  site,  for  diversion  of  water  from  the  Mad  River  to 
the  South  Fork  Trinity  River;  and  a  diversion  dam  at  the  Crooks  Ridge  site 
on  the  Van  Duzen  River  about  10  miles  upstream  from  Dinsmores  for  diverting 
flow  from  the  Van  Duzen  River  to  the  Mad  River.   Releases  from  Ruth  Reservoir 
would  flow  from  the  Mad  River  to  Olsen  Reservoir,  which  woiiLd  also  receive 
releases  from  CrooksRldge  Reservoir  through  a  2-mlle  tunnel.  The  entire 
yield  developed  by  the  three  reservoirs,  about  220,000  acre-feet  per  season, 
would  flow  from  Olsen  Reservoir  through  a  3. 3 -mile  tunnel  to  a  powerplant  on 
the  South  Fork  Trinity  River,  which  would  develop  85O  feet  of  head. 

This  alternative  differs  from  the  Bulletin  No.  3  Plan  in  the 
inclusion  of  Ruth  Dam  cind  Reservoir  on  the  Mad  River  in  lieu  of  Ranger  Station, 
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ap.ii  the  substitution  of  smaller  reservoirs  at  other  r,i  Les  on  bOoh  the  Mad 
and  Van  Diir.en  Rivers.   I*-  wouJd  also  develop  PPO,000  acre-feet  of  yield 
annually  compared  to  U^OjOOO  acre-feet  developed  in  the  Bulletin  No.  3  plan. 

The  second  alternative  would  include  the  same  dam  and  reservoir 
at  the  i^uth  site  contemplated  in  the  first  alternative,  operated  in  conjunc- 
tion with  County  Line  Dam  and  Reeervoir,  located  on  the  Mad  River  about 
0.5  mile  downstream  from  the  Humboldt-Trinity  County  Line,  and  the  Buck 
Mountain  Dam  and  Reser\'-oir  on  the  Van  Duzen  River,  located  abouo  k   miles 
upstream  from  the  ccanmunity  of  Dinsmores.   Releases  from  Ruth  Reservoir  would 
flow  down  the  Mad  River  to  County  Line  Reservoir,  which  would  also  receive 
releases  from  Buck  Mountain  Reservoir  through  a  0.5 -mile  tunnel  at  the  same 
location  as  the  tunnel  between  Ea::,on  and  Hanp;er  Station  Reservoirs  in  the 
Bulletin  No.  3  system.   These  three  reservoirs,  with  an  aggregate  active 
storage  capacity  of  ^33,000  acre-feet,  would  be  operated  coordinately  to 
develop  a  firm  yield  of  about  260,000  acre-feet  per  season  for  export  through 
a  5 -mile  tunnel  to  the  Gouth  Fork  Trinity  River.  A  substantial  amount  of 
power  would  be  generated  In  the  drop  to  the  South  Fork  Trinity  River. 

This  alternative  differs  from  the  Bulletin  No.  3  Plan  in  the  inclu- 
sion of  i'uth  Dam  and  Heser'/oir,  and  County  Line  Dam  and  Reservoir  on  the  Mad 
River  in  lieu  of  tenger  Station  Dam  and  Keservoir,  and  the  smaller  Buck 
Mountain  Dam  and  Reservoir  on  the  Van  Duzen  River  instead  of  Eaton  Dam  and 
Reservoir.   It  would  develop  280,000  acre-feet  of  yield  a  year  compared  to 
the  UOOjOOO  acre-feet  developed  in  the  Bulletin  No.  3  Plan. 


CHAPTER  VI.   LOWER  EEL  RIVER  BASIN 

In  this  presentation,  the  Lower  Eel  River  is  considered  to  consist 
of  the  main  Eel  River  below  its  junction  with  the  Middle  Fork  Eel  near 
Dos  Rlos.   The  drainage  basin  and  damsite  locations  are  shown  on  Fig\ire  ik. 

Basic  planning  criteria  relative  to  the  studies  for  the  development 
of  the  water  resources  of  this  stream  were  as  follows: 

1.  The  primary  purpose  of  development  would  be  to  divert  surplus 
water  from  the  Lower  Eel  River  to  the  Sacramento-San  Joaquin  Delta 
for  export  to  areas  of  deficiency. 

2.  No  dam  would  be  constructed  below  the  confluence  of  South 
Fork  Eel  River  near  Weott,  since  this  would  result  in  the  inundation 
of  redwood  groves  which  have  aesthetic  values  greater  than  any  water 
supply  that  could  be  developed  from  this  stream. 

3.  The  initial  development  on  the  Upper  Eel  River  wovild  occur 
at  least  20  years  prior  to  this  development  and  would  include  English 
Ridge  Dam  and  Reservoir  at  normal  pool  elevation  of  1,695  feet  and 
Dos  Rios  Dam  emd  Reservoir  at  normal  pool  elevation  of  1,325  feet. 

Planning  studies  have  shown  that  there  is  not  much  flexibility  or 
latitude  in  formulating  alternative  plans  for  developing  the  Lower  Eel  River. 
The  functional  aspects  of  development  dictate  that  the  water  be  developed 
in  on-stream  reservoirs  and  that  it  be  pumped  "back  up  hill"  through  the 
reservoirs  of  the  previously  constructed  Upper  Eel  River  Development.  The 
plan  that  has  been  formulated  Includes  two  large  reservoirs  on  the  Lower 
Eel  River,  Bell  Springs,  and  Sequoia.   Basic  features  of  the  plan  are  dis- 
cussed in  this  chapter.   Pertinent  physical  data  and  estimated  costs  are 
shown  on  Plate  No.  19. 

Plan  of  Development 

Bell  Springs  Reservoir  would  be  formed  by  the  construction  of  a 
U90-foot  high  dam  near  the  Bell  Springs  railroad  siding  in  northern 
Mendocino  County.  The  reservoir  would  have  a  gross  storage  capacity  of 
1.35  million  acre-feet  and  a  water  surface  area  of  8,200  acres  at  a  normal 
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LOCATION    OF  DAMSITES 
LOWER  EEL  RIVER  BASIN 
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pool  elevation  of  1,130  feet.  The  inactive  storage  in  the  reservoir  would 
be  300,000  acre-feet  at  water  surface  elevation  925  feet,  which  is  the 
approximate  streambed  elevation  of  the  Middle  Fork  Eel  River  at  Dos  Rios 
damsite.  The  estimated  capital  cost  of  Bell  Springs  Dam  and  Reservoir, 
exclusive  of  railroad  relocation  costs,  is  $101  million. 

Sequoia  Reservoir  would  be  formed  by  the  construction  of  a  612- 
foot  high  dam  on  the  Eel  River,  about  10  miles  upstream  of  the  confluence 
with  the  South  Fork.  The  reservoir  would  have  a  gross  capacity  of  5-^  million 
acre-feet,  a  water  surface  area  of  24,000  acres,  and  a  normal  pool  elevation 
of  iko   feet.  The  inactive  storage  in  the  reservoir  would  be  3.'+  million 
acre-feet  at  water  surface  elevation  65O  feet,  which  is  the  approximate  stream- 
bed  elevation  of  the  Eel  River  at  Bell  Springs  damsite.  The  estimated 
capital  cost  of  the  Sequoia  Dam  and  Reservoir,  exclusive  of  railroad  reloca- 
tion costs,  is  $175  million.   It  may  be  advisable  to  provide  about  1  million 
acre-feet  of  additional  storage  capacity  in  Sequoia  Reservoir  specifically 
for  flood  control,  in  which  case  the  normal  pool  elevation  would  be  78O  feet. 
This  provision  would  Increase  the  capital  cost  of  Sequoia  Dam  and  Reservoir 
by  about  $21  million.  The  flood  control  benefits  attributable  to  the  addi- 
tional storage  capacity  have  not  yet  been  determined  however. 

Approximately  600,000  acre-feet  of  water  would  be  pimiped  annually 
from  Sequoia  Reservoir  into  Bell  Springs  Reservoir.  The  Sequoia-Bell  Springs 
Pumping  Plant  would  be  located  at  the  downstream  toe  of  Bell  Springs  Dam. 
It  would  have  an  installed  capacity  of  62,000  kilowatts  and  would  be  capable 
of  pumping  the  exportable  water  supply  into  Bell  Springs  Reservoir  when 
operating  during  "off peak"  hours  only.  The  plant  would  have  an  average  annual 
energy  reqiiirement  of  268  million  kilowatt  hours. 

The  firm  annual  yield  from  Bell  Springs  Resei-volr  would  be  approxi- 
mately 400,000  acre-feet.  The  total  water  supply  of  1  million  acre-feet 
from  the  two  reservoirs  would  be  pumped  from  Bell  Springs  Reservoir  into 
Dos  Rios  Reservoir.  The  Bell  Springs-Dos  Rios  Pumping  Fleuit  would  have  an 
installed  capacity  of  90,000  kilowatts  and  would  also  operate  during  "off peak" 
hours.   It  would  have  an  average  annual  energy  requirement  of  392  million 
kilowatt  hours. 

The  water  supply  would  be  conveyed  from  Dos  Rios  Reservoir  to  the 
Sacramento  River  Basin  either  by  way  of  Clear  Lake  and  Lake  Berryessa  or 
via  Glenn  Reservoir.   The  recoomiended  route  wo\ild  probably  be  the  same  as 
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that  selected  for  the  export  facilities  of  the  earlier  constructed  Upper 
Eel  River  Development.  The  current  studies  indicate  that  it  would  not  be 
economical  to  oversize  the  conveyance  system  constructed  with  the  initial 
Eel  River  development,  to  that  capacity  required  for  total  developaent. 

The  cost  of  the  reservoirs  and  conveyance  facilities  required  to 
deliver  firm  quantities  of  water  from  the  Lower  Eel  into  either  Dos  Rios 
or  English  Ridge  Reservoir  is  indicated  on  Plate  No.  19.  The  cost  of  a 
Dos  Rios-Grindstone  Creek  Tunnel  is  given  in  Chapter  II,  Tahle  2.  The  cost 
of  the  conveyance  and  power  recovery  facilities  which  would  be  utilized  if 
the  water  supply  is  to  be  delivered  from  English  Ridge  Reservoir  into  the 
Sacramento  River  Basin  via  Clear  Lake  and  Monticello  Reservoir  is  given 
on  Plate  No.  6A. 

Fisheries  Preservation 

Water  would  be  released  frcnn  Sequoia  Reservoir  for  fisheries 
preservation.  A  fish  hatchery  would  be  located  near  the  downstream  toe  of 
the  dam.  The  amount  of  water  required  for  operation  of  the  hatchery  and  for 
stream  releases  has  been  estimated  by  the  Department  of  Fish  and  GEune  as 
follows: 

October  1  -  April  30    --  65O  cfs 

May  1  -  June  30        —  325  cfs 

Jvay  1  -  September  30   --  120  cfs 

These  quantities  total  33^^,000  acre-feet  per  year.  A  possible  alternative 
to  this  plan  would  be  to  locate  the  fish  hatchery  at  the  Junction  of  the 
South  Fork  and  main  Eel  River.  Under  the  alternative  plan,  releases  would 
be  made  from  Sequoia  Reservoir  to  maintain  the  hatchery,  €uid  firm  up  the 
hi^er  flows  required  for  natural  spawning  below  the  hatchery.  These  flows 
could  be  largely  supplied  by  the  natural  runoff  of  the  South  Fork  Eel  River. 
Releases  from  Sequoia  Reservoir  under  this  type  of  operation  would  average 
about  200,000  acre-feet  per  year. 

Railroad  Relocation 

Constiniction  of  the  proposed  Sequoia  and  Bell  Springs  Reservoirs 
on  the  Lower  Eel  River  would  necessitate  the  relocation  of  ai>proximately 
100  miles  of  the  Northwestern  Pacific  Railroad.  This  imi)ortant  transi»rta- 
tion  facility,  which  links  the  North  Coastal  area  with  the  San   Francisco  Bay 
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area,  would  probably  be  relocated  from  within  the  Eel  River  cajiyon  to  an 
alignment  near  the  old  Mail  Ridge  Road  in  Humboldt  sjid  Mendocino  Counties. 
Preliminary  estimates  indicate  that  this  relocation  would  cost  on  the  order 
of  $130  million.  The  cost  of  the  railroad  relocation  is  a  primary  reason 
why  development  of  the  Lower  Eel  River  is  currently  not  considered  for 
early  construction. 
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CHAPTER  VII.   KLAMATH  AND  ^OTH  RIVER  BASINS 

This  section  is  devoted  to  discussion  of  the  Klamath  River  Basin. 
Although  the  Smith  River  was  not  studied  as  part  of  this  investigation, 
the  drainage  basin  boxindary,  stream  system,  and  data  on  previously  reported 
plans  are  presented  herein. 

The  Klamath  River  Is  the  third  largest  stream  system  in  California, 
being  exceeded  only  by  the  Sacramento  and  Colorado  Rivers.   It  has  by  far  the 
most  surplus  vater  available  of  any  California  stream.  With  a  mean  annual 
runoff  of  12,000,000  acre-feet,  the  Klamath  River  has  twice  as  much  water 
as  the  Eel  River.   Even  after  development  of  the  Trinity  River  Basin,  there 
still  would  remain  sufficient  surplus  water  in  the  Klamath  River  to  develop 
a  yield  of  over  6  million  acre-feet. 

Although  the  Klamath  River  Basin  has  a  large  amount  of  surplus 
water,  major  water  development  for  export  out  of  the  basin  will  not  occur 
for  many  years.   It  is  even  possible  that  technological  advances  in  other 
fields  of  water  supply  will  make  development  in  the  Klamath  Basin  unnecessary. 
The  major  reasons  for  the  later-staging  of  Klamath  River  projects  are  the 
possible  damage  to  the  anadrcmous  fisheries,  and  the  inherent  great  scale 
of  any  economic  project  in  the  basin.   Since  the  Klamath  River  development  is 
considered  only  as  a  long-range  possibility,  alternative  plans  for  the  basin 
have  not  been  studied  in  as  great  detail  as  those  for  the  earlier-staged 
projects. 

The  Smith  River  has  the  highest  runoff  per  square  mile  of  any  river 
in  California.  With  only  700  square  miles  of  drainage  area,  it  has  an  average 
annxxal  runoff  of  3,000,000  acre-feet.   It  also  has  the  least  deviation  from 
the  total  mean  ann\ial  runoff.  This  accounts  for  a  very  high  ratio  of  firm 
yield  to  runoff.  Unfortunately,  it  is  located  in  the  extreme  northwestern 
part  of  the  State  and  at  a  low  elevation  making  the  conveyance  to  the 
Sacramento  Valley  very  difficult.   Consequently,  water  development  on  this 
stream  would  follow  the  Klamath  River. 

This  chapter  is  divided  into  four  sections,  covering  the  following 
subjects:   existing  water  development,  alternative  conservation  plans, 
alternative  conveyance  systems,  and  possible  effects  of  water  development  plans. 
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The  drainage  bovindaries,  stream  patterns,  and  daniBite  locations 
are  shown  on  Figure  15.   Pertinent  topographic  and  hydrographic  data 
referenced  to  damsites  are  presented  in  Tahle  6. 

Existing  Water  Development 

There  are  more  existing  vater  developments  in  the  Klamath  River 
Basin  than  on  any  other  North  Coastal  stream.   Besides  the  Bureau  of 
Reclamation's  Trinity  Project,  which  is  described  in  Chapter  IV,  the  upper 
KLaraath  Basin  is  extensively  developed.  The  following  is  a  list  of  the 
principal  existing  reservoirs  in  the  Klamath  River  Basin,  excluding  the 
Trinity  River  Basin. 

TABLE  8 

EXISTING  RESERVOIRS 
KLAMATH  RIVER  BASIN 


Dam  Location 


Name  of  Resei^oir 


Stream 


:  Town-:      :  Base  & 
Sec.  ;  ship  ;  Range  ;  Meridian 


Use 


Dwinnell  Shasta  River 

Iron  Gate  Klamath  River 

Copco  Klamath  River 

Clear  Lake  Lost  River 

Butte  (MeiSB  Lake)      

Upper  Klamath  L.  Link  River 

Lower  Klamath  L.       

Tule  Lake  Sump  Lost  River 

Gerber  Miller  Creek 


25 

i^3N 

5W 

9 

l+TN 

5W 

29 

U8n 

kv 

8 

km 

8e 

30 


12 


38s   9E 


39s   13E 


MD 

I 

MD 

p 

MD 

p 

MD 

I  &  w 

— 

I 

W 

I,P&W 

— 

I  &  w 

— 

I  &  w 

w 

I 

Symbols:  MD  =  Mount  Diablo 
W  =  Willamette 


I  =  Storage,  irrigation 

P  =  Power 

W  =  Waterfowl  refuge 
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LOCATION    OF  DAMSITES 
KLAMATH    AND   SMITH   RIVER  BASINS 


iCitC    01     M..Ci 


DEPARTMENT    OF    WATER     RESOURCES     1964 


LOCATION    OF  DAMSITES 
KLAMATH   AND  SMITH  RIVER  BASINS 
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As  shown  in  the  table,  the  main  vater  developments  are  for  irriga- 
tion and  power  generation  in  the  semiarid  area  of  the  upper  basin.  This 
region,  which  includes  all  of  the  area  above  the  Scott  River  confluence, 
including  the  Scott  River  Basin,  contains  98  percent  of  all  the  irrigable 
lands  in  the  Klamath  River  Basin.   For  this  reason  there  will  be  very  little 
surplus  water  from  the  upper  basin  after  the  area  is  fully  developed. 

Alternative  Conservation  Flans 

There  are  a  number  of  alternative  plans  for  major  water  development 
on  the  Klamath  River.  Three  alternative  concepts  are  discussed  in  this 
section:  staged  development  by  a  number  of  reservoirs,  as  in  the  California 
Water  ELan,  Bulletin  No.  3;  total  development  by  a  single  major  structure, 
as  in  the  Humboldt  Reservoir  plan;  and  development  by  providing  firming  flows 
in  the  lower  river  from  a  reservoir(s)  in  the  upper  basin,  as  in  the  "Flow 
Maintenance  Plan". 

The  Bulletin  No.  3  plan,  the  Modified  Biilletin  No.  3  Plan  and  the 
Staging  Plan,  are  discussed  below  and  shown  schematically  on  Figure  I6. 

Bulletin  No.  3  Plan 

In  this  plan  there  would  be  the  following  reservoirs:  Helena, 
Burnt  Ranch,  Eltapom,  ELtapom  Afterbay,  and  Beaver  on  the  Trinity  River; 
Hamburg,  Happy  Camp,  Slate  Creek,  and  Humboldt  on  the  Klamath  River;  and 
Canthook  and  Blackhawk  on  the  Smith  River.  All  the  water  developed  in  these 
reservoirs  would  be  collected  in  Burnt  Ranch  Reservoir,  from  which  it  would 
be  conveyed  to  Clear  Creek  via  a  long  tunnel.  Water  developed  on  the  South 
Fork  of  the  aaiith  River  at  Canthook  Reservoir  would  be  pumped  to  Blackhawk 
Reservoir  for  conveyance  by  t\innel  to  Slate  Creek  Reservoir.  This  yield  plus 
that  of  Hamburg,  Happy  Camp,  and  Slate  Creek  Reservoir  would  be  diverted  to 
Beaver  Reservoir  by  a  10-mile  tunnel.  The  yield  of  Humboldt  Reservoir  would 
be  pumped  into  Beaver  Reservoir;  then  all  this  water  plus  the  yield  from 
Beaver  Reservoir  itself  would  be  pumped  into  Burnt  Ranch  Reservoir. 

Modified  Bulletin  No.  3  Plan 

Subsequent  to  formulation  of  the  above  plan,  geologic  investigation 
revealed  veiry  poor  foundation  conditions  at  Slate  Creek  and  Canthook  damsites. 
Consequently,  the  plan  was  modified  to  include  Adams  and  Craig  Reservoirs  on 
the  Smith  River,  suid  Red  Cap  Reservoir  on  the  Klamath  River. 
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staging  Plan 

Although  the  two  previously  described  plans  are  somewhat  susceptible 
to  staging,  they  were  not  formulated  with  staging  in  mind.  The  following 
plan,  formulated  in  1959,  was  designed  for  staging.  It  is  illustrated  sche- 
matically in  Figure  l6. 

The  plan  assumes  the  prior  construction  of  certain  features  on 
the  upper  Trinity  River.  These  features  which  were  discussed  as  one  of  the 
alternatives  in  the  previous  chapter,  include  Helena,  Burnt  Ranch,  and  Horse 
Linto  Reservoirs. 

The  first  stage  of  works  which  would  tap  the  Klamath  River  directly 
would  include  Hamburg,  Happy  Camp,  Red  Cap,  and  Mettah  Reservoirs  on  the 
Klamath  River  and  Hoopa  Reservoir  on  the  Trinity  River.  Hamburg  and  Happy 
Camp  Dams  and  Reservoirs  would  be  primarily  for  hydroelectric  generation. 
The  major  conservation  feature.  Red  Cap  Detm  and  Reservoir,  would  also  include 
hydroelectric  facilities.  Mettah  Dam  and  Reservoir  would  function  primarily 
as  a  diversion  feature  and  would  back  water  up  to  Hoopa  Dam.   Hoopa  Reser- 
voir, which  would  not  inundate  Hoopa  Valley,  would  function  as  a  conveyance 
featxire  and  would  back  water  up  to  Horse  Linto  Dam.   Pumping  plants  would  be 
required  at  Hoopa,  Horse  Linto,  Burnt  Ranch,  and  Helena  Dams.  The  works  of 
this  stage  would  develop  3,000,000  acre-feet  of  annual  yield. 

The  second  steige  of  development  under  this  plan,  which  would  be 
the  fourth  or  fifth  stage  when  the  entire  Klamath  Basin  is  considered,  would 
include  a  major  diversion  from  the  Smith  River.   Development  of  the  Smith 
River  was  not  proposed  in  Bulletin  No.  I36;  however,  alternative  plans  for 
its  development  have  been  studied  in  the  past  and  they  are  presented  here  as 
a  matter  of  record.  Two  dams  near  the  mouth  of  the  Smith  River  would  be 
used  for  storage  along  with  Humboldt  Reservoir.  Adams  Reservoir,  located 
on  the  main  stem  of  the  Smith  River,  ajid  Craig  Reservoir  located  on  the 
South  Fork  of  the  Smith  River  would  be  connected  by  an  ungated  tunnel  1.3  miles 
long.   From  Craig  Reservoir  a  21 -mile  long  tunnel  would  convey  water  to 
Humboldt  Reservoir.   In  this  plan  Humboldt  Reservoir  would  have  a  normal 
water  surface  of  310  feet  and  a  minimum  of  85  feet,  which  is  streambed  at 
Mettah  damsite.  Water  would  be  pumped  from  Humboldt  to  Mettah,  then  to 
Hoopa  and  on  up  to  Trinity  River.  The  yield  of  the  second  stage  would  be 
about  1,875,000  acre -feet. 
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This  plan  was  not  studied  in  as  much  detail  as  the  Humboldt 
Reservoir  Plan.   It  appears  that  the  unit  cost  of  yield  from  this  plan  would 
be  somewhat  greater  than  the  single  reservoir  plan,  particularly  for  the  higher 
yields.  This  is  because  the  cost  of  storage  at  the  many  reservoirs  is 
considerably  more  than  for  one  large  reservoir.   However,  no  detailed  analysis 
has  been  made  of  the  plan  from  the  standpoint  of  meeting  a  projected  rate  of 
demand  buildup.   Under  a  long  period  of  demand  buildup,  the  staging  plan  could 
possibly  be  more  favorable  than  the  Humboldt  Reservoir  Plan. 

Hiimboldt  Resei-voir  Plan 

From  the  standpoint  of  developing  a  large  amount  of  water  at  a 
reasonable  unit  cost,  a  plan  utilizing  a  single  large  reservoir  on  the  lower 
Klamath  River  appears  favorable.   For  this  reason,  the  Humboldt  Reservoir  Plan 
was  shown  in  Bulletin  No.  I36  as  a  favorable  plan  of  development. 

Humboldt  Reservoir,  which  is  the  sole  conservation  storage  feature 
of  the  plan,  would  be  created  by  a  large  dam  on  the  Klamath  River  below  the 
confluence  of  Blue  Creek.  This  is  about  12.5  miles  above  the  mouth  of  the 
river.  The  minimian  water  surface  elevation  to  develop  yield  for  export  would 
be  above  6OO  feet.  This  is  the  streambed  elevation  of  Ironside  Dam  on  the 
Trinity  River,  which  would  be  one  of  the  conveyance  features.   For  an  annual 
yield  of  6,000,000  acre-feet,  a  dam  7^0  feet  high  is  required.  The  normal 
water  surface  of  the  reservoir  created  would  be  765  feet.   Physical  and  cost 
data  for  this  plan  are  shown  on  Plate  No.  20. 

In  addition  to  the  fishery  problem,  which  all  of  the  Klajnath  River 
plans  have,  there  is  a  major  problem  of  project  repayment  during  the  demand 
buildup  period. 

One  possibility  which  was  analyzed  in  connection  with  this  project 
would  be  to  generate  hydroelectric  peaking  capacity  by  utilizing  the  head 
differential  between  the  water  surface  of  Humboldt  Reservoir  and  the  streambed 
elevation.   If  Humboldt  Reservoir  were  sized  to  yield  6,000,000  acre-feet  per 
year,  the  mean  powerhead  would  be  664  feet.  With  this  head  and  water  yield, 
1,300,000  kilowatts  of  dependable  power  could  be  generated.  All  of  the 
generating  units  would  be  reversible,  that  is,  generators  would  act  as  motors 
and  turbines  would  become  pumps.   In  this  manner  70  jjercent  of  the  water 
could  be  pumjjed  back,  provided  that  an  afterbay  of  sufficient  capacity  were 
constructed, 
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From  the  first  year  of  the  project  until  the  water  demand  reaches 
70  percent  of  the  yield,  the  plant  would  generate  its  full  installed  capacity. 
After  the  water  demand  exceeds  TO  percent  of  the  yield,  one  of  two  possible 
means  must  be  employed:   either  install  additional  straight  pumps  or  decrease 
the  generating  capacity.   If  the  pump  units  are  added,  the  capacity  of  the 
straight  pump  units  would  have  to  be  about  U3  percent  of  the  capacity  of 
the  reversible  units  when  the  full  demand  is  developed. 

Flow  Maintenance  Plan 

One  possible  way  to  develop  surplus  water  from  the  Klamath  PU.ver 
would  be  to  divert  flows  from  a  low  diversion  structure  near  the  mouth  through 
some  manner  of  conveyance  system.  The  conveyance  system  might  be  a  series 
of  channels  and  reservoirs  leading  to  the  Eel  River;  or  possibly  some  form 
of  conduit  along  the  coastline.  Divertible  flows  would  be  maintained  in  the 
lower  Klamath  River  by  constructing  storage  facilities  in  the  upper  reaches 
of  the  river. 

This  type  of  plan  has  received  no  more  than  cursory  examination. 
However,  the  increasing  concern  for  the  river' s  fish  and  wildlife  resources 
has  pointed  to  the  future  necessity  of  considering  such  unconventional  plans, 
in  the  hope  that  major  detriments  could  be  avoided. 

Alternative  Conveyance  Systems 

There  are  a  number  of  alternative  plans  by  which  water  developed 
on  the  Klamath  River  might  be  conveyed  to  the  Sacramento  River  Basin.  The 
plans  can  be  considered  in  two  classes:  those  that  involve  a  series  of  pump 
lifts  up  the  Trinity  River  and  those  that  involve  a  single  long  tunnel. 
In  addition,  it  may  be  possible,  as  mentioned  above,  to  convey  water  south  to 
the  Eel  River  emd  pump  it  up  that  stream. 

Pump-Lift  Plans 

In  this  plan,  which  is  illustrated  in  Figure  17,  the  possible 
alternatives  can  be  considered  in  two  groups;  the  alternative  features  which 
could  be  used  to  lift  the  water  up  through  the  Trinity  River  Basin  to  a 
forebay  reservoir  below  Lewiston  Dam;  and  the  alternative  conveyance  routes 
for  transferring  the  water  from  the  forebay  reservoir  on  the  Trinity  River  to 
the  lower  Sacramento  River  Basin. 
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From  staging  considerations,  Trinity  River  developnent  would 
precede  Klamath  River  development  by  quite  a  number  of  years.  The  effect 
of  this  would  be  that  the  dams  emd  reservoirs  through  which  Klamath  RLver 
water  would  be  lifted  would  be  in  existence.  The  only  features  which  have 
been  studied  which  would  probably  be  incompatible  with  each  other  frcan  this 
standpoint  are  Horse  Linto  Dam  and  Reservoir  and  a  large  Humboldt  Dam  and 
Reservoir.  The  streambed  elevation  at  Horse  Linto  damsite  is  approximately 
300  feet  above  the  elevation  at  Humboldt  damsite. 

It  is  presently  envisioned  that  Helena  Reservoir  would  be  the 
Trinity  River  forebay  for  diversion  to  the  Sacramento  River  Basin.  There  are 
two  alternative  routes  for  accomplishing  the  diversion:   either  by  tunnel  to 
Clear  Creek,  or  by  tunnel  to  Cottonwood  Creek,  the  West side  Conveyance 
System,  and  Glenn  Reservoir.   Both  routes  are  discussed  in  Chapter  III. 

Long  Tunnel  Plans 


Two  plans  were  analyzed  in  which  diversion  to  the  Sacramento  River 
Basin  would  be  accomplished  by  a  very  long  tunnel.  These  two  plans,  which 
are  illustrated  in  Figure  I8,  are  described  briefly  below.   Physical  and  cost 
data  for  the  tunnels  is  summarized  on  Plate  No.  20. 

Burnt  Ranch-Fiddlers  Tunnel  Route.   In  this  plan  water  would  be 
pumped  from  the  Klamath  River  into  Burnt  Ranch  Reservoir.  A  35-inile  tunnel 
would  convey  the  water  to  Fiddlers  Reservoir  on  Cottonwood  Creek.  Frcm 
Fiddlers  Reservoir,  the  water  would  be  conveyed  through  the  Westside  Conveyance 
System  to  the  Glenn  Reservoir  Complex. 

Humboldt -Iron  Canyon  Tunnel  Route.   In  this  plan  a  65-mile  tunnel 
would  convey  the  water  from  Humboldt  Reservoir  to  Iron  Canyon  Reservoir  on 
the  Sacramento  River. 

Possible  Effects  of  Water  Development  Plans 

It  is  recognized  that  construction  of  a  major  water  development 
project  on  the  lower  Klamath  River  would  present  serious  problems.   Probably 
the  most  talked-about  problem  is  that  of  the  effect  on  anadromous  fisheries. 
Other  problems  include  inundation  of  scarce  flat  lands,  possible  acquisition 
of  Indian  reservation  land,  inundation  of  valuable  timber  land,  and  inundation 
of  extensive  game  habitat.  The  planning  studies  to  date  have  been  only  of  a 
reconnaissance  nature  and  have  been  directed  towards  evaluation  of  physical 
parameters  and  the  fisheries  problem. 
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CHAPTER  VTII.   RUSSIAN  RIVER  BASIN 

The  Russian  River  originates  in  southeastern  Mendocino  County. 
It  flows  southerly  into  the  central  portion  of  Sonoma  County,  then  turns 
westerly  and  terminates  in  the  Pacific  Ocean  at  Jenner,  California.   The 
river  has  a  length  of  about  115  miles,  a  drainage  area  of  1,^98  square  miles 
and  a  mean  annual  natural  runoff  of  1,14-70,000  acre-feet.  The  IRusslan  River 
Basin  contains  2^6  square  miles  of  valley  and  mesa  lands.  These  lands  have 
been  developed  into  highly  productive  orchards  and  vineyards  and  contain  most 
of  the  population  of  Mendocino  and  Sonoma  Counties.  The  Northwestern  Pacific 
Railroad  and  U.  S.  Highway  101  lie  adjacent  to  the  river  between  Capella  and 
Healdsburg,  a  distance  of  ^5  miles. 

In  addition  to  its  natural  runoff  the  Russian  River  receives  water 
from  the  Eel  River.  The  Pacific  Gas  and  Electric  Company  makes  a  diversion 
through  the  Van  Arsdale  diversion  facilities  into  the  Potter  Valley  Powerhouse 
on  the  East  Fork  of  the  Russian  River.  The  diversions  through  the  present 
facilities  average  about  16t,000  acre-feet  per  year. 

Present  Development 

Coyote  Dam,  which  forms  Lake  Mendocino,  was  constructed  on  the 
East  Fork  Russian  River  near  Ukiah  by  the  U.  S.  Corps  of  Engineers  in  1959. 
Lake  Mendocino  has  a  gross  capacity  of  122,500  acre-feet  and  a  normal  pool 
elevation  of  765  feet.   Forty-eight  thousand  acre- feet  of  storage  is  reserved 
for  flood  control;  70,000  acre-feet  is  used  for  water  conservation,  and  the 
lake  has  a  dead  storage  pool  of  U,500  acre-feet.  The  project  develops  a 
firm  annual  yield  of  87,000  acre-feet,  of  which  6o,000  acre-feet  is  used 
consumptively.  This  water  supply  is  derived  principally  from  the  reregulatlon 
of  the  water  diverted  from  the  Eel  River.  The  natural  runoff  tributary  to 
the  damsite  averaged  33A00  acre-feet  per  year  during  the  dry  period  of  May  I928 
through  December  193^.   In  addition  to  providing  a  firm  water  supply,  the 
reservoir  is  operated  to  maintain  the  flow  in  the  Russian  River  at  not  less 
than  150  cubic  feet  per  second  at  the  mouth  of  the  Bast  Fork  and  not  less 
than  125  cubic  feet  per  second  at  Guerneville. 

The  Sonoma  County  Flood  Control  and  Water  Conservation  District 
owns  and  operates  a  system  of  diversion  works  from  the  Russian  River.  The 
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system  Includes  two  pimping  units  located  in  the  river  approximately  1  mile 
upstream  from  the  junction  with  Mark  West  Creek,  and  a  pipeline  via  Santa  Rosa 
to  Petaluma.  The  system  has  a  diversion  capability  of  about  U5,000  acre- 
feet  per  year. 

In  addition  to  these  existing  works,  the  U.  S.  Corps  of  Engineers 
is  in  the  advanced  planning  stage  of  its  studies  of  the  Warm  Springs  Dam  and 
Resei-voir  project  on  Dry  Creek.  This  project,  which  has  received  congres- 
sional authorization  for  construction,  would  provide  flood  protection,  fish 
enhancement,  recreation  and  a  firm  water  supply  of  90,000  acre-feet  per  year, 
primarily  to  lower  Sonoma  and  Marin  Counties.  The  reservoir,  named  LaJce 
Sonoma,  would  be  about  6  miles  south  of  Cloverdale  and  would  have  a  gross 
capacity  of  277,000  acre-feet.  Construction  on  this  multiple-purpose  project 
is  expected  to  commence  prior  to  19T0, 

Knights  Valley  Project 

Departmental  planning  efforts  in  the  Russian  River  Basin  have 
been  directed  toward  a  possible  water  development  project  at  Knights  Valley. 
The  purpose  of  the  project  would  be  to  conserve  the  natural  flows  of  Maacama 
and  Franz  Creeks  and  to  provide  storage  for  surplus  flows  diverted  frcm  the 
Russian  River.  The  conserved  water  would  be  used  in  the  Napa  and  Russian 
River  Basins. 

The  Knights  Valley  Reservoir  site  has  a  storage  potential  of  about 
1.6  million  acre-feet.   This  large  storage  reservoir  could  be  formed  by  the 
construction  of  two  dams.  One  would  be  located  on  Maacama  Creek  emd  would 
be  about  4ll  feet  high.  The  other  would  be  a  321-foot  high  structure  on 
Franz  Creek.  Only  about  2^0,000  acre-feet  of  this  storage  potential  would 
be  needed  to  conserve  the  natural  flows  of  Maacama  and  Franz  Creeks,  which 
are  66,000  and  1^^,000  acre-feet  per  year,  respectively. 

The  piorpose  of  constructing  a  large  reservoir  at  this  site  would 
be  to  provide  storage  for  suiTplus  flows  diverted  from  the  Russian  River. 
There  are  three  practical  physical  plans  by  which  this  diversion  could  be 
accomplished.   Each  would  require  a  diversion  dam  on  the  Russian  River,  a 
conveyance  canal  to  the  reservoir,  and  a  pumping  plant  at  the  reservoir. 
The  Department's  studies  indicate  that  the  most  favorable  plan  would  include 
a  diversion  dam  near  Geysei^ille  and  a  17-mile  long  canal  to  the  forebay 
and  pxmiping  plant.  An  analysis  of  the  relationship  between  cost,  diversion 
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capacity  and  reservoir  stoi-age  capacity  for  the  three  alternative  diversion 
systems  is  presented  on  summary  Plate  No.  1^. 

The  Kni^ts  Valley  Project  could  be  constructed  either  in  stages 
or  to  its  full  potential  initially.   The  Department's  present  studies  indicate 
that  staged  development  would  be  a  more  favorable  utilization  of  investment 
capital.  The  decision  as  to  which  type  of  development  to  undertake  will 
depend  largely  on  the  rate  of  demand  buildup  for  project  services.   Under 
ultimate  development  the  large  reservoir  could  pnDvide  between  2T5,C)00  and 
350,000  acre-feet  of  new  annual  yield,  the  actual  amount  dependent  upon  the 
conveyance  capacity  of  the  diversion  facilities. 
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CHAPTER  IX.   COASTAL  STREAM  BASINS 

In  addition  to  project  fonnulation  studies  for  major  develop- 
ments in  the  interior  basins  of  the  North  Coastal  region,  reconnaissance 
studies  have  been  made  of  the  potential  for  water  resources  development 
in  the  smaller  basins.  The  studies  of  the  large  interior  basins  such  as 
the  Eel,  Trinity,  and  Klamath,  were  oriented  toward  major  multipurpose 
projects  to  meet  both  local  and  out-of-basin  requirements.  Studies  of 
the  coastal  basins  were  principally  concerned  with  locally  oriented  pro- 
jects for  recreation  and  fisheries  enhancement. 

The  coastal  basins  investigated  include  the  major  secondary 
drainages  north  of  the  Russian  River  Basin.  They  are,  in  a  north  to 
south  order:   Redwood  Creek,  and  Little,  Bear,  Mattole,  Ten  Mile,  Noyo, 
Big,  Albion,  Navarro,  Garcia,  and  Gualala  Rivers.  The  drainage  bound- 
aries, stream  patterns,  and  darasite  locations  are  shown  on  Figure  20. 

General  Description 

Description  of  Area.  The  coastal  basins  encompass  an  area  of  3,000 
square  miles.  They  account  for  about  4,500,000  acre-feet  of  surface 
water  runoff,  or  15  percent  of  the  total  of  the  North  Coastal  area. 
The  water  resources  of  the  basins  are  vuideveloped,  although  many  streams 
provide  excellent  fish  habitat  in  their  natural  state.  The  excellent 
fishing  in  these  streams,  combined  with  the  serenity  of  the  redwoods 
and  the  rugged  beauty  of  the  coastline,  offers  unpaj'alleled  recreation 
opportunity . 
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Purpose  of  Studies.  It  is  anticipated  that  development  of  these  coastal 
streams  to  supply  out -of -basin  water  demands  would  not  be  economical  sjid 
will  not  be  necessary.  Inasmuch  as  the  projected  water  requirements 
within  these  basins  are  relatively  small,  the  major  justification  for 
coastal  stream  projects  may  be  dependent  on  benefits  from  fisheries  en- 
hancement and,  to  a  lesser  extent,  recreation.  Therefore,  studies  were 
directed  toward  the  selection  of  the  more  favorable  fisheries  enhance- 
ment projects  in  each  basin.   In  addition  to  providing  fisheries  enhance- 
ment flows,  these  reservoirs  could  provide  supplemental  water  supplies 
for  local  agricultural  and  urban  uses. 

Some  of  the  fisheries  enhancement  projects  on  the  coastal 
streams  may  offer  economical  opportunities  for  compensating  possible 
fisheries  detriments  associated  with  the  large  multipurpose  projects  on 
the  Eel,  Trinity,  and  Klamath  Rivers.  The  association  of  the  coastal 
basin  projects  with  major  developments  located  in  the  interior  basins 
could  possibly  provide  a  means  for  financing  these  smaller  projects. 

Scope  of  Studies .  Three  general  guidelines  were  used  in  selecting  the 
location  of  possible  fisheries  enhancement  projects  on  the  coastal 
streams.   The  reservoirs  should  be  located:   (l)  in  the  headwaters  of 
the  stream  so  as  to  enhance  the  greatest  possible  length  of  stream;  (2) 
where  the  runoff  is  sufficient  to  develop  the  enhancement  releases;  (3) 
such  that  reservoir  inundation  of  spawning  areas  is  kept  to  a  minimum. 
Department  of  Fish  and  Game  Contract  Services  Unit  furnished 
very  preliminary  information  relative  to:  (l)  an  opinion  as  to  which 
coastal  streams  possess  the  greatest  potential  for  fisheries  enhancement; 
(2)  estimates  of  flow  distribution  most  likely  to  contribute  toward 
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fisheries  enhancement  in  these  streams;  and  (3)  estimates  of  what  the 
ideal  fisheries  enhancement  flows  for  each  of  the  streams  might  be.  In 
reference  to  (l)  above,  the  streams  selected  are,  in  priority:   Mattole, 
Little,  Noyo,  Big,  and  Navarro  Rivers.  Detailed  information  on  fisheries 
is  presented  in  the  Appendix  C  to  Bulletin  Wo.  I36,  Fish  and  Wildlife. 

The  general  approach  to  the  study  of  the  coastal  basins  was  to 
review  all  available  data  and  select  one  or  more  promising  reservoir  sites 
in  each  of  the  basins.   Reservoir  yield- capacity  and  cost-capacity  rela- 
tionships were  then  developed  for  each  of  these  sites.  The  yield-capacity 
relationships  were  based  on  distribution  of  yield  corresponding  to  sched- 
ules provided  by  Department  of  Fish  and  Game.  The  cost-capacity  relation- 
ships were  based  on  average  unit  capital  cost  values  applied  to  estimated 
embankment  volumes,  which  in  most  cases  were  developed  from  1:62,500 
quadrangles.  Yield-cost  relationships  were  then  developed,  from  which 
the  most  promising  sites  in  each  basin  were  selected.  Another  parameter, 
the  cost  per  acre -foot  per  mile,  was  also  developed  as  an  aid  in  the 
selection  of  projects. 

Summary  of  Results .  Table  12  shows  cost  and  yield  estimates  for  selected 
projects  in  each  basin.   The  table  also  shows  the  unit  cost  of  yield  for 
the  "ideal  enhancement  flows",  the  length  of  stream  enhanced,  and  the 
unit  cost  of  yield  per  mile .   The  purpose  of  the  table  is  for  comparison 
only.  A  priority  of  projects  cannot  be  established  until  much  additional 
study  is  made  of  fisheries  enhancement  benefits  on  each  of  the  streams. 

The  intensity  of  the  study  conforms  to  rough  reconnaissance 
standards;  consequently,  the  results  should  be  viewed  as  comparative 
indices  to  topographic  and  hydrologic  suitability  of  the  vario\is  projects 
rather  than  absolute  measures  of  cost . 
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Related  Studies 

Department  of  Water  Resources.  The  coastal  basins  were  studied 
and  possible  developments  were  reported  in  Bulletin  No .  3 .  These  studies 
were  restricted  to  rough  reconnaissance  appraisals,  and  no  attempt  was 
made  to  evaluate  fisheries  enhancement  benefits.  Subsequent  to  Bulletin 
No.  3,  a  brief  study  was  made  to  determine  the  merits  of  transporting  Eel 
River  water  to  the  Sacramento -San  Joaquin  Delta  via  a  coastal  aqueduct 
route.   Information  on  land  and  water  use  have  been  compiled  for  the 
coastal  basins  under  the  Coordinated  Statewide  Planning  Program. 

Federal  Agencies.  The  U.  S.  Corps  of  Engineers  has  conducted 
flood  control  studies  on  Redwood  Creek.  With  this  exception,  neither  the 
Corps  nor  the  Bureau  of  Reclamation  has  made  studies  of  possible  water 
development  projects  on  the  coastal  streams. 

The  U.  S.  Fish  and  Wildlife  Service  has  made  studies  of  some  of 
the  coastal  streams,  and  preliminary  estimates  of  present  fish  and  wild- 
life resources  are  published  in  an  appendix  to  the  Pacific  Southwest  Field 
Committee  Report.  Estimates  of  fisheries  enhancement  potential,  in  terms 
of  numbers  of  fish  each  stream  can  accomodate,  are  also  presented  in  that 
appendix.  This  information  is  available  for  Redwood  Creek,  Little  River, 
Bear  River,  and  Mattole  River. 

Possible  Plans  for  Development 

A  brief  description  of  possible  developments  on  each  of  the 
coastal  streams  follows . 
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Redwood  Creek.  According  to  the  U.  S.  Fish  and  Wildlife  Service,  Redwood 
Creek  is  accessible  to  salmon  for  about  48  miles  of  its  63-mile  length. 
Major  spawning  activity  for  King  and  Coho  salmon  takes  place  in  the  middle 
and  upper  reaches  of  the  main  stem.  Prairie  Creek,  Lacks  Creek,  and  Minor 
Creek  are  tributaries  of  major  importance  for  spawning.   Steelhead  trout 
spawn  in  accessible  headwaters  throughout  the  drainage  basin.  Estimated 
present  spawning  populations  include  5,000  fall  King  salmon,  2,000  Coho 
salmon,  and  10,000  steelhead  trout. 

The  topography  of  the  Redwood  Creek  Basin  limits  possible  storage 
sites  to  the  main  stem  and  to  Prairie  Creek.  Because  of  its  short  length 
and  its  proximity  to  Highway  101,  Prairie  Creek  was  excluded  from  consideration. 

Four  storage  sites  on  Redwood  Creek  were  considered  in  this 
study,  in  addition  to  Green  Point  darasite,  which  was  mentioned  in  Bulletin 
No.  3.  They  are  all  located  in  the  reach  of  stream  suitable  for  fisheries 
enhancement  projects.  Above  this  reach,  the  stream  becomes  too  steep  for 
the  development  of  economical  storage.  Below  the  reach,  the  blockage  of 
natural  spawning  area  and  lessening  of  enhancable  stream  length  becomes 
critical. 

Preliminary  estimates  of  ideal  enhancement  flows  are  that  an 
average  of  U3,000  acre -feet  per  year  should  be  released  from  the  proposed 
project.  A  rough  evaluation  of  the  sites  considered  showed  that  the  unit 
cost  of  yield  generally  increased  as  the  site  was  moved  upstream. 

It  was  concluded  from  this  study  that  Lupton  Dam  and  Reservoir 
would  be  the  most  favorable  project .  There  is  some  question  about  the 
geological  suitability  of  this  site,  but  the  location  of  the  axis  is  not 
critical.  It  should  be  possible  to  find  a  suitable  foundation  for  the 
height  of  dam  considered. 
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Little  River.  The  U.  S.  Fish  and  Wildlife  Service  reports  that  Little 
River  is  accessible  to  salmon  for  ahout  8  miles,  and  that  log  jams  in 
the  upper  reaches  hinder  steelhead  migrations.  Although  only  small 
numbers  of  King  salmon  spawn  in  Little  River,  the  stream  is  important 
for  Coho  salmon  spawning.  The  spawning  areas  which  are  in  the  middle 
reaches  of  the  stream  are  sufficient  to  support  over  2,ij-00  pairs  of 
King  salmon,  or  9,000  pairs  each  of  Coho  salmon  or  steelhead  trout. 

The  only  two  large  storage  sites  on  the  Little  River  are 
Crannell  and  Tiptop.  Crannel  Reservoir  was  mentioned  in  Bulletin  No.  3 
as  a  possible  source  of  domestic  and  irrigation  water  for  the  Eureka 
Plains  area.   It  was  estimated  that  70,000  acre-feet  of  water  could  be 
supplied  by  the  project  for  about  $^.00  per  acre-foot.   Crannell  Reservoir 
would  block  most  of  the  spawning  area  in  the  basin,  so  it  was  not  given 
serious  consideration  as  a  potential  fisheries  enhancement  project. 

Tiptop  Reservoir  would  be  capable  of  providing  from  20,000  to 
50,000  acre -feet  of  new  yield  at  less  than  $U.OO  per  acre -foot.  The 
ideal  annual  enhancement  flow  was  estimated  at  6,000  acre-feet. 

Tiptop  Reservoir  is  superior  to  Crannell  Reservoir  for  fisheries 
enhancement,  both  from  the  standpoints  of  unit  cost  of  yield  and  length  of 
stream  enhanced.  However,  Tiptop  Dam  would  block  fish  from  several 
important  tributaries,  so  it  is  questionable  whether  the  project  would 
enhance  the  fisheries.  The  decision  is  dependent  on  biological  considerations. 

Bear  River .  The  Bear  River  Basin  is  located  between  the  drainage  areas 
of  the  Eel  and  Mattole  Rivers .  With  a  total  drainage  area  of  ll8  square 
miles,  it  is  among  the  smaller  coastal  basins.  The  headwaters  of  the 
Bear  River  are  25-streajn  miles  from  the  sea  at  an  elevation  of  about 
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2,000  feet.  The  basin  is  rather  narrow  with  numerous  small  tributaries. 
Because  these  tributaries  are  very  steep,  the  only  possible  sites  for 
economical  storage  are  located  on  the  main  stem. 

The  Brushy  Creek  damsite  on  the  upper  Bear  River  was  mentioned 
in  Bulletin  No.  3  as  a  possible  fish  enhajicement  and  recreation  project. 
It  is  located  O.U  mile  above  the  mouth  of  Brushy  Creek,  about  22  miles 
from  the  oceain.  The  drainage  area  above  the  Brushy  Creek  site  is  13 .6 
'Square  miles,  or  about  11.5  percent  of  the  basin  area.  The  mean  annual 
runoff  at  the  site  is  estimated  to  be  ^3^000  acre-feet  from  area- 
precipitation  comparison  with  the  Mattole  River. 

No  detailed  work  on  the  cost  estLmate  of  Brushy  Creek  Dam  was 
done  for  the  Bulletin  No.  3  studies.  The  site  was  visited  once,  and  the 
estimate  was  based  on  the  1:62,500  quad  sheet  in  a  manner  similar  to  the 
methods  used  in  the  current  study.  Since  that  work  was  done,  a  more  recent 
map  has  been  published,  and  the  new  contours  vary  over  100  feet  from  the 
old  ones .  Accordingly,  the  current  work  does  not  agree  with  the  data 
contained  in  Bulletin  No.  3" 

It  was  determined  that  a  firm  yield  of  around  15,000  acre-feet 
per  year  could  be  obtained  at  the  Brushy  Creek  site  at  a  unit  cost  of 
about  $13  per  acre-foot.  The  biologist  estimated  an  "ideal  flow  range"  "^o" 
the  Bear  River  of  about  15,000  acre-feet  per  year,  which  slightly  exceeds 
the  economical  potential  of  the  Brushy  Creek  site.  However,  there  is  no 
downstream  site  at  which  a  larger  yield  could  be  obtained  at  a  comparable 
cost,  due  to  the  steepness  of  the  stream  below  Brushy  Creek.  Therefore, 
it  is  concluded  that  the  Brushy  Creek  damsite  would  be  the  most  desirable 
location  for  a  fish  enhancement  project  in  the  upper  Bear  River  Basin. 
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Mattole  River.  King  salmon  ascend  the  Mattole  River  to  the  vicinity  of 
Thorn,  about  60  river  miles  above  the  mouth.   Coho  salmon  and  steelhead 
trout  are  able  to  migrate  several  miles  beyond  the  log  jams  and  restricted 
channel  which  block  the  king  salmon.   Important  tributaries  for  spawning 
include  Honeydew  and  Bear  Creeks .  Average  fish  runs  presently  number 
about  5,000  King  salmon,  2,000  Coho  salmon,  and  12,000  steelhead.  Usable 
gravel  in  the  Mattole  drainage  could  provide  spawning  habitat  for  "7,900 
pairs  of  king  salmon"  and  "not  more  than  10,000  pairs  of  Coho  salmon  and 
a  comparable  number  of  steelhead  trout" .* 

Because  spawning  activity  is  distributed  throughout  the  Mattole 
River  system,  any  reservoir  providing  fish  enhancement  flows  should  be 
located  as  near  as  possible  to  the  headwaters,  to  avoid  blocking  of 
existing  spawning  grounds.  This  eliminates  some  economically  attractive 
possibilities  for  mainstem  storage  in  the  canyon  above  Honeydew.  Generally 
speaking,  the  tributary  streams  do  not  provide  desirable  storage  sites. 

Two  damsites  were  investigated  in  this  study,  both  in  the  upper 
reaches  of  the  river  system.  Jewett  damsite  is  located  on  Bear  Creek, 
about  one  mile  above  its  confluence  with  the  Mattole  River  and  about 
it-7  river  miles  from  the  ocean.  This  site  is  topographically  suited  for  a 
large  amount  of  storage,  but  does  not  have  a  matching  water  supply.   It 
is  estimated  that  a  reservoir  at  this  site  could  supply  31,000  acre-feet 
annually  at  a  unit  cost  of  about  $5.00  per  acre-foot. 

Thorn  Reservoir,  on  the  main  stem  Mattole  River,  was  mentioned 
in  Bulletin  No.  3  as  a  possible  development  for  fish  enhancement  and 
recreation.  The  dam  axis  for  the  study  was  located  about  0.3  mile  above 


*       Natural  Resources  of  Northwestern  California  -  Report  Appendix  -  A 
Preliminary  Survey  of  Fish  and  Wildlife",  U.  S.  Fish  and  Wildlife 
Service,  I96O. 
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the  mouth  of  Baker  Creek.  The  present  study  used  an  axis  O.15  mile  below 
Baker  Creek,  as  recommended  by  Mr.  Jack  Wulff  in  a  memorandum  to 
Mr.  M.  Thiebaud  in  March  1956.  Thorn  Dam  would  thus  be  about  5  miles 
from  the  headwaters  and  some  61  river  miles  from  the  ocean. 

Bulletin  No.  3  spoke  of  a  35,000  acre-foot  reservoir  at  Thorn, 
with  an  annual  yield  of  33,000  acre-feet.  Estimates  made  for  this  study 
indicate  that  optimum  sizing  for  Thorn  Reservoir  would  be  about  2^,000 
acre-feet.  Such  a  reservoir  would  yield  about  20,000  acre-feet  on  a 
fisheries  enhancement  schedule  at  a  unit  cost  of  around  $l6.00  per  acre-foot. 

The  biologist's  preliminary  estimate  of  a  desirable  fish  enhance- 
ment yield  for  the  Mattole  River  is  50,000  acre -feet  per  year.   It  is 
concluded  that  such  a  yield  could  not  be  economically  developed  except 
by  a  main-stem  reservoir.  A  dam  and  reservoir  below  Thorn  Junction  (mile  55) 
could  probably  develop  50,000  acre -feet  of  yield  at  a  reasonable  unit  cost, 
but  would  inundate  the  settlement  of  Thorn. 

Since  Thorn  and  Jewett  Reservoirs  would  have  similar  yields  and 
costs,  and  Thorn  Reservoir  would  enhance  a  l4  additional  miles  of  stream, 
it  is  concluded  that  the  Thorn  site  represents  the  most  logical  develop- 
ment in  the  upper  Mattole  Basin  for  the  purpose  of  fish  enhancement .  It 
remains  to  be  seen  if  the  benefits  to  the  fishery  from  the  relatively 
small  yield  of  Thorn  Reservoir  would  justify  the  cost  of  the  project. 

Ten  Mile  River .  The  drainage  system  is  made  up  of  three  main  forks  of 
similar  size.  The  headwaters  of  each  fork  are  20  to  22  miles  from  the 
ocean  and  from  1,500  to  2,000  feet  in  elevation.  The  North  and  Middle 
Forks  combine  at  a  point  7  miles  from  the  sea  to  form  the  main  stem,  while 
the  South  Fork  enters  the  main  stem  only  2  miles  from  the  ocean.  Because 
of  this  configuration,  any  fishery  enhancement  project  would  benefit  only 
one  of  the  forks.  T?S- 


Bulletin  No.  3  suggested  construction  of  a  dam  in  the  lower 
reaches  of  the  South  Fork  in  conjunction  with  a  dam  on  Pudding  Creek. 
The  two  dams  would  form  a  single  reservoir  on  the  drainage  divide,  and 
would  be  used  to  supply  irrigation  water  to  the  Fort  Bragg  area .   Such 
a  project  would  block  almost  the  entire  South  Fork  to  spawning  and  thus 
■iras  not  considered  as  a  possible  fish  enhancement  project  in  this  study. 

The  biologists  estimate  an  "ideal  flow"  below  a  Ten  Mile  River 
fish  enhancement  project  would  require  an  annual  yield  of  about  26,000 
acre-feet.  This  seems  high  when  compared  to  the  estimates  for  other 
streams.  At  any  rate,  four  damsites  were  selected  for  brief  evaluation 
in  the  current  study. 

1.  North  Fork  Ten  Mile  damsite  —  on  the  North  Fork,  about 
l6  miles  from  the  ocean.   This  site  was  investigated  briefly  in 
the  studies  for  Bulletin  No.  3« 

2.  Booth  damsite  --on  the  Middle  Fork,  about  O.k   miles  below 
Booth  Gulch  and  also  about  l6  miles  above  the  mouth.  This  is  a 
"new"  site . 

3.  Dutchman  damsite  —  on  the  South  Fork,  about  O.k   miles  below 
Redwood  Creek  and  ik   miles  from  the  sea.   This  is  also  a  "new"  site. 

k.     Churchman  damsite  --  on  the  South  Fork,  about  O.k   miles 
below  the  mouth  of  Churchman  Creek  and  9  miles  from  the  ocean.  This 
site  was  also  identified  during  the  Bulletin  No .  3  studies . 

Each  of  the  first  three  damsites  has  a  drainage  area  of  about 
15  square  miles  and  an  estimated  mean  annual  runoff  of  about  23,000  acre- 
feet.  It  was  found  that  none  of  them  would  be  capable  of  supplying  yield 
at  a  reasonable  cost.  The  optimum  yield  from  the  North  Fork  damsite  is 
less  than  5,000  acre-feet  per  year  and  probably  would  cost  at  least  $15 
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per  acre-foot.  Yield  from  Booth  and  Dutchman  Reservoirs  would  be  even 
more  costly. 

Churchman  damsite  has  a  drainage  area  of  2k   square  miles,  and 
an  estimated  mean  ann^oal  runoff  of  35 j 000  acre-feet.  However,  it  is 
estimated  that  yield  from  this  site  would  cost  $20  per  acre-foot  for  a 
yield  of  about  26,000  acre-feet.  Because  its  yield  would  serve  only 
10  miles  of  stream,  a  reservoir  at  the  Churchman  site  would  probably  not 
be  economical. 

It  is  concluded  that  the  Ten  Mile  River  is  an  unfavorable 
stream  for  a  fishery  enhancement  project  due  to  topographic  limitations . 
The  topographically  suitable  dam  and  reservoir  sites  are  either  so  far 
up  in  the  drainage  area  that  the  water  supply  is  too  small,  or  they  are 
too  near  the  mouth  of  the  river  to  be  of  much  use  to  the  fish. 

Noyo  River.  The  Noyo  River  Basin  is  generally  lower  than  the  adjoining 
basins;  its  uppermost  headwater  are  barely  above  the  1,000-foot  elevation. 
Although  no  specific  information  on  the  existing  Noyo  fishery  is  avail- 
able, it  is  probable  that  the  moderate  stream  gradients  permit  salmon 
and  steelhead  to  range  far  into  the  upper  reaches.  Therefore,  it  is 
unlikely  that  any  developments  in  the  lower  reaches  would  be  acceptable 
from  the  standpoint  of  fishery  enhancement . 

The  main  stem  of  the  Noyo  River  extends  almost  due  eastward 
from  the  ocean  for  a  distance  of  about  31  miles  as  measured  along  the 
stream.  For  most  of  this  length,  the  Fort  Bragg-Willits  railroad  track 
parallels  the  river.  This  is  the  track  of  the  famous  little  train 
affectionately  known  as  the  "Skunk",  a  popular  tourist  attraction.  It 
is  felt  that  the  expense  and  public  relations  problems  which  would  be 
associated  with  relocation  of  this  railroad  are  sufficient  justification 
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for  not  considering  any  damsites  on  the  main  stem  of  the  river. 

The  South  Fork  of  the  Noyo  River  joins  the  main  stem  about  6 
miles  from  the  ocean.  This  fork  constitutes  a  relatively  good  site  for 
a  moderate  amount  of  storage^  but  there  are  no  damsites  on  the  fork 
which  would  permit  the  economic  development  of  yields  consistent  with 
the  rather  meager  water  supply.  A  quick  analysis  of  Brandon  damsite, 
0.65  miles  below  the  mouth  of  the  North  Fork  of  the  South  Fork,  showed 
that  a  yield  of  TjOOO  acre-feet  per  year  could  be  obtained  at  a  cost  of 
about  $11  per  acre-foot.   (The  7^000  acre-foot  yield  corresponds  to  the 
biologist's  preliminary  estimate  of  a  desirable  fishery  enhancement 
yield.)  However,  because  releases  from  a  dam  on  the  South  Fork  would 
enhance  only  10  miles  of  stream,  it  was  concluded  that  the  North  Fork 
projects  discussed  below  are  superior. 

The  only  other  possibilities  for  storage  on  tributaries  of  the 

Noyo  River  are  found  on  the  North  Fork  Noyo  which  joins  the  main  stem 

at  mile  22.5.  Two  damsites  on  the  North  Fork  were  evaluated: 

Northspur:         0.25  miles  above  the  mouth 
Hayworth  No.  3:     0-3  miles  above  Marble  Gulch 

Three  damsites  with  the  Hayworth  name  were  considered  for 

Bulletin  No.  3)   and  one  was  suggested  In  that  report  as  a  possible  fish 

enhancement  and  recreation  project.  This  site  was  known  as  Hayworth  No.  2 

and  is  located  about  2  miles  above  the  Hayworth  No .  3  site .   However, 

subsequent  studies  indicated  that  the  Hayworth  No.  3  damslte  is  the  most 

desirable  of  the  three.  Because  the  No.  3  reservoir  area  also  appears 

topographically  superior,  it  was  selected  for  evaluation  in  the  present 

study.  A  rough  cost  estimate  concluded  that  a  reservoir  at  this  site 

could  supply  a  yield  of  7,000  acre-feet  per  year  at  a  unit  cost  of  about 

$12  per  acre-foot.  The  cheapest  water  from  this  site  could  be  obtained 
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at  a  cost  of  about  $10.00  per  acre-foot  with  a  yield  of  ^,500  acre-feet. 
Yield  from  Mayworth  No.  3  would  enhance  a  total  of  about  2k   miles  of  stream. 

About  1  mile  below  Hayworth  No.  3  damsite  lies  an  apparently 
superior  site  named  Northspur.  It  is  estimated  that  7^000  acre-feet  of  annual 
yield,  on  a  fisheries  enhancement  schedule,  could  be  obtained  from  Northspur 
Reservoir  at  a  unit  cost  of  about  $7.00  per  acre-foot.  On  the  basis  of  map 
evaluation,  Northspur  seems  the  most  likely  site  for  a  fishery  enhancement 
project  in  the  Noyo  River  system. 

Big  River .  The  lower  reaches  of  Big  River  are  relatively  flat  and  broad, 
with  a  mean  gradient  of  about  6  feet  per  mile.  About  27  stream-miles  above 
the  ocean,  the  North  and  South  Forks  join  the  main  stem.  Each  of  the  three 
portions  of  the  upper  drainage  area  are  of  approximately  equal  size.  The 
headwaters  of  the  North  Fork  and  the  main  stem  are  about  kO   stream-miles 
from  the  mouth,  and  the  South  Fork  extends  about  48  miles.  Since  the  upper 
reaches  of  these  three  tributaries  are  probably  useful  as  steelhead  spawning 
areas,  any  reservoir  to  enhance  the  fishery  should  be  located  on  one  of  the 
tributaries .  Accordingly,  one  damsite  on  each  of  the  three  streams  was 
evaluated  in  an  attempt  to  identify  the  most  favorable  means  of  developing 
the  14,000  acre-foot  annual  yield  recommended  by  the  biologists. 

North  Fork.  A  site  located  about  0.35  miles  above  the  mouth  of 
the  East  Branch  of  the  North  Fork  was  selected  by  map  inspection.   This  site 
was  named  "Dunlap  Damsite"  after  a  lumbering  community  within  the  reservoir 
area.  The  drainage  area  at  this  site  is  33.2  square  miles,  and  the  mean 
annual  runoff  was  estimated  to  be  45,500  acre-feet.  Total  length  of  stream 
enhanced  would  be  about  36  miles.   It  was  estimated  that  a  yield  of  3,000 
acre-feet  per  year  could  be  developed  at  a  unit  cost  of  around  $6.00  per 
acre-foot,  while  a  yield  of  l4,000  acre-feet  would  cost  from  $8.00  to 
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$9.00  per  acre-foot.  These  costs  could  be  considerably  higher,  depending 
on  the  state  of  development  of  the  community  of  Dunlap. 

Upper  Main  Stem.  A  site  on  this  stream,  known  as  Russell  damsite, 
was  identified  as  a  part  of  the  early  Bulletin  No.  3  studies,  but  apparently 
was  abandoned  after  a  field  reconnaissance.  A  map  examination  of  the  site 
showed  that  the  amount  of  storage  available  would  not  justify  the  size  of 
dam  required.   Consequently,  yield  from  this  site  on  the  upper  main  stem 
would  be  considerably  more  expensive  than  that  from  alternate  sites  on  the 
North  and  South  Forks.  No  other  likely  sites  exist  on  the  upper  main  stem. 

South  Fork.  Hellgate  damsite  on  the  South  Fork  Big  River  was 
evaluated  for  the  Bulletin  No.  3  studies.  However,  it  was  not  mentioned  in 
the  report  as  a  possible  fishery  enhancement  project.  The  damsite  is  located 
in  the  Northwest  l/2.  Southwest  1/4,  Section  13,  Township  l6  North,  Range  15 
West,  at  a  point  8  miles  above  the  mouth  of  the  South  Fork  and  36.5  miles 
from  the  ocean.  The  di^inage  area  at  this  site  is  38-4  square  miles,  and 
the  mean  annual  runoff  was  estimated  as  52,600  acre-feet.   The  estimated  cost 
of  yield  from  Hellgate  Reservoir  was  estimated  to  be  about  $l4.00  per  acre- 
foot  for  yields  between  1^1,000  and  30,000  acre-feet  per  year.  Map  inspection 
revealed  no  other  sites  on  the  South  Fork  which  appear  superior  to  Hellgate . 

Conclusions 


1.  A  fishery  enhancement  dam  in  the  Big  River  System  should 
be  located  on  one  of  the  three  main  upper  tributaries . 

2.  No  reasonable  sites  exist  on  the  upper  main  stem. 

3.  Dunlap  damsite  on  the  North  Fork  appears  to  offer  the 

best  possibility  for  fish  enhancement  from  a  cost  standpoint .  An 

evaluation  of  cost  of  purchasing  the  reservoir  area  could  change 

the  picture. 
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k ,     Hellgate  damsite  on  the  South  Fork  should  be  considered 
only  if  Dunlap  Dam  is  not  feasible,  or  if  yields  in  excess  of 
25>000  acre-feet  per  year  are  required. 

Albion  River.   The  Albion  River  Basin  is  one  of  the  smallest  included  in 
this  study.  Its  headwaters  are  about  l8  miles  from  the  sea  at  an  elevation 
of  about  800  feet.  The  South  Fork  joins  the  main  stem  at  Mile  8;  the  mouth 
of  the  North  Fork  is  near  Mile  I3.  The  biologists'  preliminary  estimate  of 
"ideal  flow"  below  a  fishery  enhancement  dam  on  the  Albion  River  would  re- 
quire an  annual  yield  of  about  2,200  acre-feet. 

Bulletin  No.  3  identified  a  possible  reservoir  site  on  the  main 
stem  just  below  the  mouth  of  the  South  Fork.  This  was  "MacDonald  Reservoir" 
and  it  was  intended  to  provide  an  irrigation  yield  of  15,000  acre-feet  to 
the  adjacent  coastal  plain.  Because  of  its  location,  MacDonald  Reservoir 
was  not  considered  as  a  possible  fishery  enhancement  project. 

The  available  maps  of  the  Albion  River  area  have  a  contour  interval 
of  100  feet  and  therefore  are  not  adequate  for  even  a  preliminary  estimate 
of  a  project  of  the  small  size  needed  to  furnish  the  required  yield.   However, 
the  following  conclusions  were  drawn  from  a  map  reconnaissance: 

1.  Storage  on  the  upper  main  stem  of  the  Albion  River  is  not 
practical  because  the  community  of  Comptche  is  within  the  area 
which  would  be  inundated  by  such  a  project. 

2.  Possible  storage  sites  exist  on  both  the  North  and  South 
Forks.  Very  rough  estimates  show  that  sufficient  yield  could  be 
obtained  from  these  sites,  but  it  would  be  relatively  costly. 

3.  The  Albion  River  presents  less  attractive  possibilities 

for  a  fishery  enhancement  project  than  many  of  the  other  coastal 

streams . 
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Navarro  River.  The  Navarro  River  System  is  among  the  most  complicated 
of  those  included  in  the  present  study.  At  least  six  important  tributar- 
ies combine  to  form  the  main  Navarro  River.  The  system  supports  a  good 
steelhead  trout  population^  but  this  resource  could  be  increased  by  main- 
taining summer  flows  in  the  various  headwaters.  A  discussion  of  the  major 
tributaries  and  of  possible  reservoir  sites  is  presented  below. 

North  Fork  Navarro  River.   The  North  Fork  Navarro  River  joins 
the  main  stem  at  a  point  about  7  river-miles  from  the  ocean.  About  6  miles 
farther  upstream,  the  two  branches  of  the  North  Fork  combine. 

The  headwaters  of  the  North  Branch  are  about  23  miles  from  the 
sea,  at  an  elevation  around  1,000  feet.   One  damsite  on  the  North  Branch 
was  identified  during  the  Bulletin  No.  3  studies.   It  is  the  "Dutch  Henry" 
site,  located  about  5  miles  above  the  mouth  of  the  North  Branch,  and  l8 
miles  from  the  sea .  The  Dutch  Henry  site  was  not  mentioned  in  the  report . 
Although  it  appears  to  be  a  fairly  good  site,  it  was  not  evaluated  for  the 
current  study  since  its  waters  would  serve  only  a  small  length  of  stream. 

The  South  Branch  of  the  North  Fork  Navarro  River  begins  near  the 
3,000-foot  level,  about  28  miles  from  the  sea.   The  most  desirable  damsite 
on  this  branch  appears  to  be  the  "Castle  Garden"  site  recommended  in  Bulletin 
No.  3-   It  is  located  8  miles  up  the  South  Branch,  21  miles  from  the  sea. 
A  rough  evaluation  was  made  of  the  Castle  Garden  site,  and  it  was  found  that 
an  optimum  yield  of  12,000  acre-feet  would  cost  nearly  $25  per  acre-foot. 
Because  of  this  high  cost  and  the  limited  length  of  stream  served,  it  was 
concluded  that  the  South  Branch  is  an  unfavorable  location  for  a  fishery 
enhancement  project. 

Mill  Creek.  Mill  Creek  joins  the  main  stem  of  the  Navarro  River 
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from  the  north  at  Mile  22.6  It  is  the  smallest  of  the  main  tributaries  and 
is  not  topographically  desirable  as  a  dam  or  reservoir  location. 

Indian  Creek.  Indian  Creek  drains  considerable  area  northeast 
of  Anderson  Valley  and  joins  the  main  stem  of  the  Navarro  River  at  Mile  28.2. 
Its  total  length  is  about  12  miles  ana  the  upper  reaches  are  relatively  steep. 
Lone  Tree  darasite,  6  miles  above  the  mouth,  was  advanced  as  a  possible  fishery 
enhancement  project  in  Bulletin  No.  3-  An  evaluation  of  this  site  showed 
that  the  yield  would  cost  over  $20  per  acre-foot,  in  amounts  up  to  about 
25,000  acre-feet  per  year.  It  seems  unlikely  that  fish  enhancement  benefits 
would  justify  such  expensive  yield. 

Anderson  Creek.  Anderson  Creek  joins  the  main  stem  at  Mile  23.5. 
It  has  a  total  length  of  about  ik   miles,  8  miles  of  which  are  within  Anderson 
Valley.  There  are  no  particularly  attractive  damsites  on  Anderson  Creek. 
Two  were  inspected  during  the  Bulletin  No.  3  studies,  but  no  further  work 
was  done  on  them. 

Rancheria  Creek.   The  main  channel  of  the  Navarro  is  known  as 
"Rancheria  Creek"  above  the  mouth  of  Anderson  Creek.  It  has  a  total  length 
of  about  3^  miles,  with  its  headwaters  some  62  miles  from  the  ocean.  Because 
of  its  length,  Rancheria  Creek  is  the  logical  location  for  a  fishery  enhance- 
ment project. 

Upper  Rancheria  Creek  was  rather  thoroughly  searched  for  damsites 
during  thr  Bulletin  No .  3  studies .  At  least  six  sites  were  inspected  in  the 
field,  and  one.  Big  Foot  damsite,  was  mentioned  in  Bulletin  No.  3  as  a  pos- 
sible fishery  enhancement  project.  Big  Foot  damsite  was  evaluated  for  the 
current  study,  and  a  second  site,  about  11  miles  downstream,  was  evaluated 
as  a  possible  alternative . 


.1U3- 


» 


The  analysis  of  Big  Foot  Reservoir  agreed  with  the  Bulletin  No.  3 
data;  a  yield  of  5,000  to  7,000  acre-feet  per  year  could  be  furnished  at 
a  unit  cost  of  around  $10  per  acre-foot. 

Because  of  the  rather  small  yield  available  at  the  Big  Foot  site, 
Rector  damsite  was  chosen  by  map  inspection  as  a   representative  downstream 
site .  A  rough  evaluation  of  Rector  Reservoir  showed  that  the  unit  cost  of 
yield  would  be  about  the  same  as  that  from  Big  Foot  Reservoir,  but  that 
10,000  to  20,000  acre-feet  of  yield  could  be  obtained. 

Several  possible  damsites  exist  between  Big  Foot  and  Rector  damsites, 
It  is  likely  that  yield  at  most  of  these  sites  could  be  obtained  for  about 
$10  per  acre-foot,  in  amounts  roughly  proportional  to  the  drainage  areas. 
Therefore,  the  location  of  a  reservoir  on  Rancheria  Creek  requires  a  know- 
ledge of  the  benefits  resulting  from  various  yields,  keeping  in  mind  that 
an  increase  in  yield  would  result  in  a  decrease  in  the  amount  of  stream 
served  due  to  the  necessity  of  moving  the  dam  downstream. 

Conclusions 


1.  Yield  from  reservoirs  on  the  North  and  South  Branches 

of  the  North  Fork  would  be  very  expensive  and  of  limited  usefulness. 
Castle  Garden  damsite  is  perhaps  the  best  within  this  portion  of 
the  drainage  area,  but  its  high  cost  is  unlikely  to  be  warranted. 

2.  Lone  Tree  damsite  on  Indian  Creek  is  the  best  looking  site 
on  that  tributary.  However,  it  is  also  expensive  and  not  very 
effective . 

3.  Both  Mill  Creek  and  Anderson  Creek  are  barren  of  attrac- 
tive damsites . 

k.     Upper  Rancheria  Creek  is  the  logical  location  for  a  fishery 
enhancement  dam,  inasmuch  as  the  maximum  length  of  stream  would  be 

-1U1+- 


served,  and  the  unit  cost  of  water  would  be  much  lower  than 
that  from  sites  on  other  tributaries . 

5.  Since  many  sites  exist  on  upper  Flancheria  Creek,  a 
selection  must  be  based  on  a  knowledge  of  the  fishery  benefits 
associated  with  various  yields. 

Garcia  River.  The  Garcia  River  is  typical  of  the  smaller  coastal  streams. 
It  flows  irregularly  westward  for  a  distance  of  some  kO   miles.  Its  head- 
waters are  about  1,500  feet  above  sea  level.  There  are  no  major  tributaries 
except  the  North  Fork  Garcia  River  which  joins  the  main  stem  about  9  miles 
from  zhe   ocean . 

Only  one  sizable  storage  site  is  evident  on  the  main  stem.  This 
is  the  "Garcia  Reservoir  site,"  which  was  mentioned  in  Bulletin  No.  3  as 
a  possible  fish  and  recreation  project.  This  site  adheres  closely  to  the 
classic  conception  of  headwater  storage  for  streamflow  maintenance.  Its 
drainage  area  of  I6  square  miles  is  about  15  percent  of  the  total  basin  area, 
and  its  location  at  Mile  35  is  within  6  miles  of  the  headwaters,  so  that  a 
maximum  length  of  stream  could  be  served. 

Garcia  damsite  is  located  in  the  narrow  canyon  below  the  junction 
of  Mill  and  Pardaloe  Creeks .  The  damsite  and  reservoir  were  mapped  for  the 
Bulletin  No.  3  studies,  and  the  site  was  reported  to  be  suitable  for  an 
earthfill  dam.  Bulletin  No.  3  proposed  a  reservoir  with  15,000  acre-feet 
of  storage  and  a  yield  of  9j200  acre-feet  per  year.  A  rough  evaluation  of 
the  site  for  the  current  study  indicated  that  an  optimum  yield  of  about 
9,500  acre-feet  could  be  furnished  at  a  unit  cost  of  around  $13  per  acre-foot, 
However,  the  storage  required  for  this  yield  was  estimated  to  be  only  7,500 
acre-feet .  The  difference  between  the  current  estimate  and  that  of  Bulletin 
No.  3  is  due  to  (l)  a  difference  in  runoff  estimates,  and  (2)  a  different 
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method  of  determining  the  storage-yield  relationship.  The  current  estimate 
of  water  supply  is  based  on  an  area-precipitation  relationship  with  the 
South  Fork  Gualala  River  near  Annapolis,  which  resulted  in  a  mean  annual 
runoff  of  28,600  acre-feet.  The  Bulletin  No.  3  estimate  of  mean  annual 
runoff  was  22,000  acre-feet. 

In  conclusion,  the  Garcia  damsite  represents  probably  the  best 
site  within  the  Garcia  River  system  for  developing  a  yield  of  around  9,000 
acre-feet  per  year.  The  biologists  estimated  an  "ideal"  flow  of  only  6,000 
acre-feet  per  year,  but  the  sites  upstream  from  the  Garcia  site  would  not 
supply  such  a  yield  because  of  the  branching  of  the  river  just  upstream. 

Gualala  River.  The  drainage  pattern  of  the  Gualala  River  system  is  rather 
complex  in  comparison  to  the  other  coastal  streams.  The  major  tributaries 
of  the  Gualala  River  are  the  Worth,  South,  and  Wheatf ield  Forks .  The  North 
and  South  Forks  join  about  3  miles  from  the  ocean,  and  the  Wheatfield  Fork 
meets  the  South  Fork  about  8  miles  above  that  junction.  Other  tributaries 
of  the  South  Fork  include  Buckeye  and  Rockpile  Creeks . 

Three  dams,  one  on  each  major  fork,  were  mentioned  in  Bulletin 
No.  3  as  possible  fish  and  recreation  projects.   Several  other  damsites  were 
investigated  during  the  Bulletin  No.  3  studies,  but  most  were  found  to  be 
geologically  undesirable.  The  three  sites  on  the  main  forks  were  re-evaluated 
for  the  current  study  using  more  recent  runoff  and  yield  data. 

North  Fork.  The  total  length  of  the  North  Fork  Gualala  River  is 
about  20  miles.  Billings  damsite  is  located  about  12.5  miles  above  the  mouth. 
Its  drainage  area  is  16.6  square  miles,  and  the  mean  annual  runoff  at  the 
site  was  estimated  as  3^,600  acre-feet.   The  site  is  the  only  one  in  the 
Gualala  Basin  which  was  mapped  for  the  Bulletin  No.  3  studies. 
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An  evaluation  of  the  Billings  site  for  the  current  study  indicated 
that  an  optimum  size  reservoir  would  develop  from  13,000  to  17,000  acre-feet 
of  yield  (on  a  fish  release  schedule)  at  a  unit  cost  of  about  $11  per  acre- 
foot.  The  biologists  estimated  a  yield  of  about  15,000  acre-feet  per  year 
would  provide  "ideal  flow"  conditions  below  a  fishery  enhancement  reservoir 
in  the  Gualala  Basin.   Such  a  yield  from  Billings  Reservoir  would  result  in 
an  annual  cost  per  mile  of  stream  enhanced  of  over  $10,000.  It  is  unlikely 
that  such  a  cost  could  be  justified  by  the  resultant  benefits. 

South  Fork.   The  headwaters  of  the  South  Fork  Gualala  River  are 
about  39  miles  from  the  sea,  at  an  elevation  of  1,500  feet.  Houser  Bridge 
damsite,  at  Mile  2k. 'J,   was  selected  for  presentation  in  Bulletin  No.  3»  Its 
drainage  area  is  3^  square  miles,  and  the  mean  annual  runoff  was  estimated 
as  64,000  acre -feet. 

The  unit  cost  of  yield  from  Houser  Bridge  Reservoir  was  estimated 
as  $11  per  acre-foot,  or  about  the  same  as  the  yield  from  Billings  Reservoir. 
However,  the  optimum  amount  of  yield  would  be  in  the  range  of  21,000  to 
33,000  acre-feet  per  year.  If  the  project  were  sized  to  yield  only  15,000 
acre-feet,  the  unit  cost  would  increase  to  around  $13-  With  such  a  sizing, 
the  annual  cost  would  amount  to  about  $8,000  per  mile  of  stream  enhanced 
(including  the  main  stem).  This  is  significantly  lower  than  the  similar 
cost  for  Billings  Reservoir. 

Wheatfield  Fork.  Total  length  of  the  Wheatfield  Fork  is  about  30 
miles.   Neese  Ridge  damsite,  19 -5  miles  above  the  junction  and  30.5  miles 
from  the  sea,  was  selected  as  the  best  site  on  this  fork  for  Bulletin  No.  3« 
The  mean  annual  runoff  from  the  26  square  mile  drainage  area  was  estimated 
to  be  50,000  a ere -feet. 


A  yield  of  15,000  acre-feet  was  found  to  be  near  optimum  sizing 
for  Weese  Ridge  Reservoir,  and  the  unit  cost  of  that  yield  was  estimated 
as  $10  per  acre-foot.  The  resulting  annual  cost  per  mile  of  stream  enhanced 
is  about  $5,i+00,  which  is  more  in  keeping  with  results  on  other  streams 
studied. 

Of  the  three  Gualala  River  damsites  proposed  in  Bulletin  No.  3, 
the  Neese  Ridge  site  seems  the  most  worthy  of  further  consideration.   This 
conclusion,  however,  does  not  consider  the  differences  in  fish  benefits 
which  would  occur  below  different  dams . 

The  current  study  was  based  mainly  on  the  idea  of  identifying  the 
most  attractive  single  project  within  the  basin.  For  many  of  the  streams 
studied,  this  is  a  reasonable  approach;  but  due  to  its  complexity,  it  is 
felt  that  the  Gualala  Basin  requires  a  more  comprehensive  approach.  An 
evaluation  of  a  combination  of  smaller  headwaters  projects  should  be  made. 
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ALTERNATIVE  PLANS  FOR  DEVELOPMEINT 
FART  II 
SUMMARY  PLATES 
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INTRODUCTION 


One  of  the  department's  primary  objectives  in  the  reconnaissance 
investigation  of  the  North  Coastal  area  has  been  to  sort  out  the  large  n\unber 
of  physically  possible  plans  for  water  development  and  determine  which  alter- 
natives should  be  selected  for  further  consideration  and  more  detailed  study. 
The  studies  have  involved  making  comparisons  among  many  proposed  projects 
which  in  turn  demanded  that  the  principal  parameters  of  each  such  as  cost, 
yield  and  capacity  be  evaluated.  The  nature  of  the  studies  has  demanded 
a  tremendous  amount  of  information.  A  problem  of  no  small  significance  has 
been  that  of  maintaining  an  orderly  file  of  the  data,  computations  and  other 
supporting  material  pertinent  to  the  studies. 

The  summary  plates  evolved  as  an  attempt  to  meet  the  problem  of 
preserving  and  presenting  information  in  a  logical  and  orderly  way.  Each 
plate  presents  information  by  graphical  illustrations  on  some  phase  of  the 
North  Coastal  Area  Investigation.  Some  of  the  plates  present  comparisons  of 
alternative  plans  for  developing  certain  streams.  Others  show  the  relation- 
ships among  parameters  of  a  single  plan.  In  any  case,  the  plate  summarizes 
a  study  of  a  proposed  development  and  presents  information  such  that  the  costs 
and  water  yield  accomplishments  of  the  development,  generally,  are  readily 
discernible. 

Each  plate  is  orgeuiized  along  the  same  format.  On  the  left  side 
a  plan  and  profile  of  the  subject  development  are  shown.  A  series  of  charts 
are  presented  on  the  right  which  graphically  illustrate  basic  data  and 
information  obtained  in  the  study  that  is  applicable  to  the  proposed  facilities. 
Generally,  the  charts  are  arranged  in  the  follo'.<d.ng  order: 

1.  Reservoir  area-capacity- elevation  data 

2.  Reservoir  yield- capacity  relationships 

3.  Reservoir  cost-capacity  relationships 

h.     Conveyance  facilities  cost-capacity  relationships 
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5.  Hydroelectric  powerplant  cost-capacity-revenue  relationships 

6.  Total  project  capital  cost-annual  yield  relationships 

7.  Total  project  net  annual  unit  cost-annual  yield  relationships. 
Since  the  plates  were  prepared  at  different  times  and  based  upon 

the  basic  data  v*iich  was  then  available  and  upon  the  assumptions  of  a  partic- 
\ilar  study,  a  few  inconsistencies  may  be  foimd  in  comparing  plates.  For  this 
reason,  the  date  of  preparation,  rather  than  the  publishing  date  of  this 
report  is  shown  on  the  title  block  of  each  plate.  Preceding  each  plate  in 
this  volume  is  a  narrative  description  of  the  particular  study,  the  sources 
of  data,  assumptions  and  key  points  of  each  chart. 

The  siommary  plates  contain  a  tremendous  amount  of  valuable  infor- 
mation. It  should  be  recognized  however,  that  they  do  not  reflect  some 
inQ)ortajit  factors  which  must  be  considered  prior  to  the  final  selection  of  the 
plan  for  development  of  a  North  Coastal  stream.  These  factors  include  the 
recreational  value  of  proposed  reservoirs;  flood  protection  benefits;  the 
total  effect  of  a  project  on  fish  and  wildlife;  the  impact  on  a  local  area 
resulting  from  the  inundation  of  lands  by  a  proposed  reservoir;  and  the 
aesthetic  value  or  detriment  associated  with  a  proposed  project. 

GENERAL  INFORMATION 

Criteria  and  Methods  Used  in  Power  Studies 

The  department's  planning  engineers  have  investigated  a  great 
number  of  possible  hydroelectric  power  developments  in  the  North  Coastal  area. 
Basically  the  steps  taken  in  the  investigations  were  as  follov/s : 

1.  The  maximum  dependable  capacity  in  kilowatts  was  determined 
for  a  proposed  powerplant  based  upon  the  water  supply  and  head 
which  could  be  sustained  durinf^  the  most  critical  drought 

period,  with  the  plant  operating  on  a  30  percent  capacity  factor. 

2.  The  annual  revenue  from  the  sale  of  electrical  power 
■\ras  computed  based  upon  an  annual  value  at  the  Tesla  load  center 
of  $26.30  per  kilowatt  of  dependable  capacity  and  3.13  mills  per 
kilowatt-hour  of  generated  energy.   It  was  estimated  that  trans- 
mission costs  and  line  losses  would  reduce  these  values  at  the 
plants  to  approximately  $22  per  Kilowatt  of  dependable  capacity 
and  3  mills  per  kilovratt-hour  of  generated  energy.   It  was  also 
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considered  tnat  addition?!  povmr  reveruos  would  Co  oli:uined 
daring  wet  years  from  the  sale  ol  sccondarv'  enfrry  at  3  niills 
pt^r  kilowatt -hour. 

3.  The  armvial  costs  of  the  power  plant  and  the  associated 
facilities  were  estimated  as  indicated  below.  The  powerplant  was 
included  in  the  proposed  development  when  the  ann\;ial  power  revalues 
exceeded  the  annual  costs  of  the  power  facilities. 

On  February  11,  1964,  the  department's  power  office  under  the 
Chief  Engineer  informed  the  Ilorthem  Branch,  by  memorandvun,  that  the  annual 
value  of  hydroelectric  power  may  decrease  to  about  $17  per  kilowatt  of 
dependable  capacity  and  0.75  mill  per  kilowatt-hour  of  generated  energy  at 
future  powerplants  located  in  the  North  Coastal  area.  The  new  value  is 
based  upon  the  cost  of  power  generated  by  an  alternative  modem  steam- 
electric  plant  with  extremely  high  generating  capacity.  The  plant  would 
have  multiple  units  and  would  utilize  both  nuclear  and  fossil  fuels.  Needless 
to  say,  many  powerplants  which  are  sho-.m  on  the  summary  plates  woiild  not  be 
recommended  if  this  revised  value  for  hydroelectric  power  had  been  used  in 
the  analysis. 

Value  of  Power  at  Pumping  Plants 

The  value  of  electrical  power  at  the  puxirping  plants  in  the  North 
Coastal  Area  Investigation  was  also  based  iipon  its  value  at  the  Tesla  load 
center  plus  the  cost  of  transmission  lines.  Generally,  the  capacity  charge 
used  for  unrestricted  piamping  amoimted  to  about  ^29  per  kilowatt-year. 
Electrical  energy  v/as  considered  to  have  a  value  of  3«3  mills  per  kilowatt- 
hour  at  the  plants  It  was  also  considered  that  there  would  be  a  maximum  of 
4,380  hours  during  each  year  in  which  off-peak  power  would  be  available.  The 
capacity  charge  for  off-peak  power  was  considered  to  be  equivalent  to  the 
cost  of  transmission  to  the  plant. 

The  pov;3r  office  memoraiidum  of  February  11,  19^4,  indicates  that 
a  major  reduction  in  the  future  value  of  power  for  pumping  will  also  occvir. 
The  new  power  values  ^dll  have  a  great  effect  upon  the  selection  between 
specific  alternatives  but  its  overall  effect  upon  the  net  cost  of  the 
total  North  Ccasual  deveLjpmtnt  may  not  be  of  major  significance. 


^ 


ost  Estimates 


The  costs  estimated  for  the  proposed  power  and  pumping  plants 
were  generally  obtained  from  cost  versus  capacity  cvirves  developed  from 
qonstruction  costs  of  existing  plants  of  similar  capacity  and  head.  The 
(jurves  were  prepared  so  that  lump  sum  estimates  could  be  made  of  the  following 
qoiiiponento  of  each  plant; 

1.  Basic  plant  consisting  of: 

a.  Structure  and  improvements 

b.  Turbines  and  generators  or  pumps  and  motors 

c.  Accessory  electrical  equipment 

d.  Miscellaneous  equipment 

2.  Electrical  substation 

3.  Penstocks  or  discharge  pipes. 

The  costs  of  dams,  reservoirs  and  tmanels  were  estimated  by  the 
Northern  Branch  Design  Unit  in  most  cases.  These  estimates  vary  in  quality 
but  are  generally  of  a  reconnaissance  order.  In  order  to  estimate  the 
optimum  size  of  these  facilities,  cost  versus  capacity  curves  were  prepared 
which  required  estimates  at  a  range  of  sizes. 

Water  Yield 

The  amount  of  water  which  a  proposed  reservoir  would  be  expected 
to  yield  vras  determined  from  sirmjlatcd  operation  studies  of  the  reservoir 
based  upon  historical  runoff  at  the  damsite.   On  some  streams  such  as  the 
upper  main  Eel  River  there  is  an  existing  development  and  the  new  yield 
from  an  additional  reservoir  would  be  only  the  additional  supply  of  '//ater 
which  co\ild  be  produced.   In  general,  it  was  ass'oraed  that  the  full  water 
supply  would  oe  sustained  without  deficiencies,  although  there  are  some 
exceptions  which  are  indicated  on  the  plates.  The  plates  also  indicate 
the  location  where  the  water  supply  would  be  delivered  and  the  sched-ole 
of  deliver^';  i.e.,  unifon;;,  power,  irrijjation,  'uruan  or  combination 
irrifiation-uroan. 
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PLATE  1 

ENGLISH  RIDGE  i-ROJECT 

Export  to  Russian  River  and  Clear  Lake 


The  data  shovm  on  this  plate  were  developed  to  indicate  the 
approximate  capital  and  annual  costs  of  the  proposed  English  Ridge  Dar. 
and  Reservoir  and  the  associated  power  and  conveyance  facilities,  when 
constructed  to  supply  water  to  the  Russian  River  Basin  and  the  Clear  Lake 
Basin.  The  estimated  annual  unit  costs  of  the  delivered  water  are  based 
on  the  premise  that  the  total  project  yield  would  be  saleable  in  the  first 
year  of  operation. 

CHART  A:  Reservoir  Area  -  Capacity  Data  -  English  Ridge  Reservoir 

These  data  were  determined  for  the  damsite  located  in  Section  6, 
TI9N,  R12W,  i-fflB&M,  with  the  streambed  elevation  at  approximately  I,l80  feet. 

The  water  surface  elevation  vs.  area  data  were  determined  by 
planimetering  the  Department  of  Water  Resources'  English  Ridge  Reservoir 
map,  produced  by  photogrammetr^,  dated  April  19,  1962,  scale  1:^+800,  at 
the  contour  interval  of  20  feet.  Tlie  elevation  vs.  capacity  data  were 
computed  by  the  average  area  method. 

CHART  B:   Reservoir  Yield  -  Capacity  Data 

The  reservoir  total  yield  potential  curve  indicates  the  amount 
of  water  which  could  be  diverted  annually  to  Potter  Valley  from  English 
Ridge  Reservoir  on  a  typical  power  schedule.  It  was  assumed  that  Lake 
Pillsbiiry  would  remain  full  during  years  which  have  normal  runoff.   In  a 
critical  period,  releases  wo'old  dc  made  from  Lake  Pillsbury  after  English 
Ridge  Reservoir  had  been  drawn  down  to  minimtun  pool . 

The  net  new  divertible  yield  potential  curve  indicates  the  new 
yield  attributed  to  English  Ridge  Reservoir  when  the  reservoir  inflow  is 
considered  to  be  the  sun;  of  the  present  impaired  spills  over  Van  Arsdale 
Dam  plus  the  downstream  accretions.  This  new  yield  is  the  annual  incre- 
mental diversion  which  wo'old  not  deplete  the  yield  from  existing  or  pro- 
posed reservoirs  on  the  Russian  River. 

CHART  C:  Reservoir  Cost  -  Capacity  Data 

The  capital  cost  curve  is  based  on  estimates  which  were  pre- 
pared to  preliminary  standards  by   the  Northern  Branch  Design  Unit.   The 
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cost  estimates  were  prepared  for  earthfill  dams  of  varying  heights  at 
the  English  .Sidge  site  immediately  below  the  junction  of  Old  Woman  Creek 
and  the  Eel  Kiver. 

The  costs  were  estiijated  for  reservoirs  with  normal  water  surface 
elevations  of  15pO,  1650,  and  169O  feet,  and  storage  capacities  of  5^0)000, 
1,300,000,  and  1,720,000  acre-feet,  respectively. 

CHART  D:  Potter  Valley  Diversion  Cost  -  Rate  Data 

The  capital  and  annual  cost  curves  on  this  chart  indicate  the 
cost  of  the  new  diversion  facilitites  to  Potter  Valley  and  include  the  cost 
of  a  new  Potter  Valley  powerplant  and  afterbay.   The  cost  of  purchasing  the 
existing  power  facilities  from  the  Pacific  Gas  and  Electric  Company  was 
included  in  the  annual  cost  curve.  This  ann^oal  cost  was  based  on  the 
plants  installed  capacity  of  9^0^0  kilowatts  and  its  mean  annual  energy 
generation  during  I95I-6O7  inclusive  of  65,m-i4-,6i4-0  kilowatt  hours.  The 
powerplant  operation  and  maintenance  cost  during  a  typical  year  (1957) 
was  $32,000. 

The  top  horizontal  scale  on  the  chart  indicates  the  dependable 
powerplant  capacity  that  could  be  sustained  by  English  Ridge  Reservoir 
when  constructed  at  a  capacity  sufficient  to  develop  the  new  yield  shown 
on  the  bottom  horizontal  scale. 

In  this  study,  the  new  yield  was  considered  to  oe  the  additional 
ann'oal  diversion  through  the  powerplant  during  a  critical  period  as  the 
res'olt  of  the  storage  provided  in  English  Ridge  Reservoir. 

The  power  schedule  used  in  this  investigation  was: 

Month  KWH/KW  Percent 

Oct.  200  7-fc'05 

Nov.  170  6.i4-64 

Dec.  180  o.Shk 

Jan.  160  6.081+ 

Feb.  lUO  5.323 

Mar.  220  8.365 

Apr.  190  7.22^ 

May  200  7-605 

June  260  9.886 

July  330  12.51+7 

Aug.  3^+0  12.926 

Sept .  240  9.125 

TOTAL  2,630  100.00 

Plant  Capacity  Factor  =  30^ 
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CHAxlT  £:   Clear  Lake  Diversion  Cost  -  Rate  Data 

These  data  indicate  the  capital  and  annual  costs  of  transporting 
water  from  English  Ridge  Reservoir  to  Clear  Lake  by  alternative  methods. 

One  method  vould  be  by  direct  diversion  through  the  proposed 
Garrett  Tunnel.   It  was  assumed  that  the  tunnel  could  be  sized  for  con- 
tinuous uniform  flow,  since  any  monthly  "peaking"  that  would  be  required 
could  be  done  at  Clear  Lake  with  no  significant  change  in  its  water  level. 
T"ne  inlet  elevation  of  Garrett  Tunnel  would  be  at  1,^00  feet,  and  the 
inactive  storage  capacity  at  English  Ridge  R'  servoir  at  this  elevation 
would  be  360,000  acre -feet. 

The  alternative  method  would  entail  making  a  power  drop  from 
English  Ridge  Reservoir  on  a  power  schedule  to  power  facilities  in  Potter 
Valley.   The  new  net  divertible  yield  would  be  conveyed  by  a  canal  arid 
tunnel  to  a  foreoay  on  Cold  Creek.   The  water  would  then  be  pumped  over 
tne  Cold  Creek- Scott  CreeK  Divide  into  the  Clear  Lake  Basin.   In  order  to 
match  the  power  release,  the  capacity  of  the  conveyance  facilities  was 
considered  to  be  such  that  13  percent  of  the  total  annual  yield  could  be 
conveyed  in  one  month.  Tl;ie  inlet  elevation  of  the  English  Ridge-Potter 
Valley  Diversion  Tunnel  would  be  at  1,^75  feet,  and  the  inactive  storage 
capacity  of  English  Ridge  Reservoir  at  this  elevation  would  be  300,000 
acre-feet. 

CHART  F:   Annual  Unit  Cost  of  Delivered  Water 

These  data  indicate  the  annual  unit  cost  of  water  in  dollars 
per  acre-foot  when  the  net  nev;  divertible  yield  is: 

A.  Stored  in  English  Ridge  Reservoir. 

B.  Released  in  addition  to  the  existing  diversion 
through  the  proposed  Potter  VaUey  power  facilities  into 
the  Russian  River  Basin. 

C.  Delivered  to  Clear  Lake  by  the  Potter  Valley  Pump 
Diversion  method. 

D.  Delivered  to  Clear  Lake  through  the  proposed 
Garrett  Tunnel. 

It  should  be  noted  that  these  data  indicate  that  when  the  annual 
delivery  is  less  than  ^4-00, 000  acre-feet,  the  Potter  Valley  Pump  Diversion 
method  of  delivering  water  to  Clear  Lake  would  be  superior  to  the  Garrett 
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Tunnel  method.   The  net  nev:  divertible  yield  from  English  Ridge  Reservoir 
would  be  a  maximum  of  S'jSjOOO  acre -feet. 

CHART  G:  Annual  Unit  Cost  of  New  Water  Yield 

These  data  indicate  the  annual  unit  cost  of  water  in  dollars 
per  acre-foot  when  a  portion  of  the  new  yield  from  English  Ridge  Reservoir 
is  delivered  to  Clear  Lake,  and  the  remainder  is  released  to  the  Russiem 
River. 

An  example  for  the  use  of  the  data  on  this  chart  can  be  shown 
as  follows:   Determine  the  unit  cost  of  water  if  the  English  Ridge  Project 
is  sized  so  that  it  will  develop  300jOOO  acre-feet  of  new  annual  yield 
with  100,000  acre -feet  delivered  annually  to  Clear  Lake  and  the  remaining 
200,000  released  annually  to  the  Russian  River.   Reading  from  Curve  "A", 
it  can  be  observed  that  when  the  total  new  yield  is  300^000  acre-feet  per 
year,  the  unit  cost  of  water  released  to  the  Russian  River  from  the  Potter 
Valley  afterbay  would  be  approximately  $10  per  acre-foot.   The  additional 
conveyance  cost  shown  by  Curve  "B"  is  $12  per  acre-foot.   Reading  from 
Curve  "C",  it  is  observed  that  the  unit  cost  of  delivering  100,000  acre- 
feet  per  year  to  Clear  Lake  would  be  approximately  $22  per  acre-foot. 

CHART  H:   Capital  Cost  of  New  Water  Yield 

These  data  indicate  the  capital  cost  of  water  when  a  portion  of 
the  new  yield  from  English  Ridge  Reservoir  is  delivered  to  Clear  Lake,  and 
the  remainder  is  released  to  the  Russian  River.   Charts  G  and  H  are 
identical  in  their  respective  treatment  of  annual  unit  cost  and  capital 
cost.   These  data  were  based  on  an  inactive  storage  capacity  in  English 
Ridge  Reservoir  of  300^000  acre-feet  at  elevation  1,^75  feet. 
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PLATE  3 

THE  GLENN  RESERVOIR  COMPLEX 

With  LTiports  From  the  Middle  Fork  of  the  Eel  River 

Plate  3  was  prepared  in  I96I  in  order  to  svmnnarize  costs  and 
other  pertinent  data  of  the  Glenn  Reservoir  Complex  for  conditions  with 
and  without  imports  from  the  Middle  Fork  Eel  River.   Imports  from  other 
possible  sources  were  not  considered  in  the  preparation  of  this  plate. 
Additional  information  on  the  potential  achievements  of  the  Glenn  Reservoir 
Complex  is  shown  on  Plate  12. 

The  new  water  yield  accomplishments  of  this  reseirvoir  complex 
shown  on  Plate  3  are  based  on  a  uniform  monthly  distribution  of  firm 
annual  yield  without  deficiencies.  This  is  quite  probably  not  the  new 
yield  release  distribution  the  reservoir  wo^old  operate  on  to  enhance 
water  yield  in  the  delta.  However,  at  this  stage  of  the  studies,  the 
uniform  schedule  provides  a  convenient  basis  for  comparing  alternative 
projects. 

The  storage-yield  curves  shown  on  this  plate  were  developed  for 
two  limiting  conditions  of  annual  water  yield,  "gross  yield"  and  "net 
yield".  "Gross  yields"  were  based  on  conditions  of  assuming  full  natijral 
reservoir  inflow  to  be  storable  while  "net  yields"  were  derived  on  the 
assumption  that  the  reservoir  complex  would  operate  as  an  increment  above 
the  existing  and  near  future  Central  Valley  Reservoir  system.   In  the 
latter  case,  it  was  assumed  that  the  only  tLme  water  could  be  stored  on 
Thomes  and/or  Stony  Creeks  was  when  that  water  was  not  serving  a  prior 
beneficial  downstream  purpose.  All  present  ajid  contemplated  near  future 
water  deraajids  of  the  Orland  Project  and  Black  Butte  Reservoir  were  met  in 
the  latter  case.   In  all  cases,  imports  from  the  Kiddle  Fork  Eel  River 
enter  Glenn  Reservoir  on  a  random  schedule,  corresponding  to  the  plaji  of 
diverting  the  greatest  possible  amount  of  Eel  River  water  in  a  given  time. 

This  plate  also  includes  summary  data  of  a  reconnaissance  evalua- 
tion of  one  of  the  more  favorable  plans  for  developing  the  power  potential 
of  the  Glenn  Reservoir  Complex.   Indications  are  that  for  the  range  of 
flows  considered,  i.e.,  up  to  600,000  acre-feet  annually,  that  a  power 
development  may  be  feasible,  but  the  expected  net  revenue  probably  wo-^J-d 
be  less  than  about  $2.00  per  acre-foot  of  net  new  yield.   It  is  anticipated 
ttiat  additional  power  studies  will  be  made  in  the  fut-ure. 
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It  should  be  noted  that  data  presented  on  this  plate  are  based 
on  specific  assumptions  as  discussed  in  the  following  chart  explanations. 
Any  conclusions  made  on  the  basis  of  this  plate  should  be  viewed  in  full 
light  of  the  inherent  limitations  and  the  assumptions  made. 

CHART  A: 

This  chart  sets  forth  area-elevation-capacity  data  for  the 
various  elements  of  the  Glenn  Reservoir  Complex.  These  data  were 
developed  from  the  Department  of  Water  Resources'  Glenn  Resei-voir  Map, 
dated  July  I96O,  scale:  1"  =  1000',  contour  interval  =  20'.  This  map 
is  available  also  at  a  scale  of  1"  =  i<-00'. 

CHART  B: 

Chart  B  is  an  evaluation  of  the  average  annual  volume  of  water 
that  can  be  diverted  from  Spencer  Reservoir  to  the  Glenn  Reservoir  Complex 
by  various  combinations  of  reservoir  and  t\innel  sizes  within  a  given 
period.  In  this  case,  it  was  assumed  that  the  critical  period  for  future 
coordinated  reservoir  operations  within  the  Central  Valley  Basin  would  be 
from  June  1928  through  October  1937'  The  difference  between  the  curves 
representing  divertible  water  (dashed  lines)  and  the  firm  yield  curve 
(solid  line)  is  the  amount  of  water  that  can  be  developed  by  Sacramento 
Valley  regulatory  storage.  This  is  only  true,  however,  if  Spencer 
Reservoir  is  operated  to  divert  water  as  fast  as  possible.   If  the 
reservoir  is  operated  on  the  basis  of  a  uniform  monthly  distrioution  of 
annual  yield,  rather  than  diverting  water  as  fast  as  possible,  the  amount 
of  holdover  storage  available  to  store  high  flows  would  be  less.  Conse- 
quently, the  amount  of  water  that  could  be  diverted  would  be  less. 
Operating  on  the  basis  of  diverting  flows  as  fast  as  possible,  therefore, 
negates  the  possibility  of  obtaining  firm  yield  from  this  project.  The 
horizontal  line  at  the  top  of  the  chart  represents  mean  annual  runoff 
for  the  period  under  study.   The  slanting  line  at  the  top  of  the  chart 
labeled  "maximum  exportable  water"  is  equivalent  to  inflow  plus  storage 
minus  local  releases  and  evaporation  on  an  annual  basis  for  the  period 
under  study.  These  curves  were  based  on  monthly  reservoir  operation 
studies.   Correction  for  reservoir  evaporation  was  based  on  the  storage 
at  the  beginning  of  the  month. 

Schedules  of  releases  from  Spencer  Reservoir  for  fish  and  local 
irrigation  are  as  follows : 
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Local 

Fish 

Irrigation 

Release 

Release 

Total 

Month 

(Acre-Feet) 

(Acre-Feet) 

(Ac re -Feet) 

January 

6,000 

._- 

6,000 

February 

6,000 

... 

6,000 

March 

U,200 

... 

l+,200 

April 

I+,200 

1,600 

5,600 

Itoy 

i+,200 

3,900 

8,100 

June 

i^,200 

6,000 

10,200 

July 

2,1+00 

6,200 

8,600 

August 

2,U00 

5,700 

8,100 

September 

2,U00 

2,600 

5,000 

October 

6,000 

--- 

6,000 

November 

6,000 

... 

6,000 

Decenber 

6,000 

— 

6,000 

TOLU 


5U,000 


26,000 


80,000 


Fisn  life  maintenance  and  enhancement  releases,  amounting  to 
5^,000  acre-feet  annually,  \rcre  estimated  by  California  Department  of  Fish 
and  Game  Fisheries  Biolo/jifits  under  contract  ^o  the  Department  of  'Water 
Resources.  Tnc  annual  release  of  26,000  acre-feet  for  local  irrigation 
in  Round  Valley  was  estimated  by  tne  U.  S.  Bureau  of  Reclamation.  The 
monthly  schedule  of  irri<iation  use  ivas  inferred  from  the  distribution  of 
use  in  Potter  Valley  during  the  year  195^' 

CHART  C: 

Chart  C  presents  the  same  information  for  the  period  J'Jino  1916 
through  October  1937  tnst  Chart  B  presents  for  the  shorter  period. 

CHART  D: 

Chart  D  is  an  analysis  of  the  diversion  potential  of  Jarbow 
Reservoir.   Essentially  this  chart  is  the  same  type  of  analysis  for  Jarbow 
Reservoir  thau  Chart  "S  is  for  Spencer  Reservoir.  The  only  important  differ- 
ence in  the  analysis  ic  that  in  the  case  of  Jarbow  Reservoir,  the  irrigation 
requirements  of  Round  Valley  are  to  oe  met  by  upstream  reservoirs  rather 
than  oy   the  diversion  n-:servoir. 
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CHART  E: 

Chart  E  is  an  analysis  of  the  diversion  potential  of  Jarbow 
Reservoir  for  the  period  June  I916  through  October  1937'   Othervd.se  it  is 
similar  to  Chart  D  which  is  an  analysis  for  the  shorter  period,  June 
1928  through  October  1937- 

CHART  F: 

This  chart  shows  the  relationship  between  the  amount  of  water 
diverted  and  the  cost  per  acre-foot  thereof.  The  cost  shown  is  the  lowest 
cost  of  the  several  possible  combinations  of  reservoir  and  tunnel  cost 
for  a  given  average  amnual  diversion  rate. 

The  costs  for  Si)encer  Reservoir  and  the  several  possible  tunnel 
alignments  from  both  Spencer  and  Jarbow  meet  good  reconnaissance  standards, 
However,  the  cost  data  for  Jarbow  Reservoir  are  not  complete.  The  annual 
cost  per  acre-foot  of  diverted  water  is  equal  to  annual  cost  divided  by 
the  average  annual  amount  of  water  diverted. 

CHART  G: 

Chart  G  presents  storage-yield  data  for  Glenn  Reservoir  with 
conditions  of  local  inflow.  Local  inflow  is  defined  as  only  those  flows 
which  originate  within  the  watersheds  of  Paskenta,  Newville,  and  Rancheria 
Reservoirs.  The  major  streams  of  these  watersheds  are:   Stony  Creek, 
North  Fork  Stony  Creek,  and  Thomes  Creek.   The  flows  of  Stony  Creek  and 
the  North  Fork  of  Stony  Creek  are  based  upon  data  from  a  March  195^^ 
U.  S.  Corps  of  Engineers'  operation  of  Black  Butte  Reservoir.  Flows  of 
Thomes  Creek  at  Paskenta  from  1922  to  date,  are  available  in  U.S.G.S. 
water  supply  papers.  Estimates  of  flows  prior  to  this  time  are  from 
Bulletin  No.  1,  "Minor  Sacramento  Valley  Streams".  These  latter  flows 
were  obtained  by  straight  line  correlation  with  the  Sacramento  River  at 
Red  Bluff.  The  yield  shown  on  this  chart  is  distributed  on  a  uniform 
monthly  schedule,  with  no  deficiencies. 

Present  demands  or  those  anticipated  in  the  near  future  which 
are  now  being  met  or  than  can  be  provided  for  by  existing  facilities  and 
facilities  nearing  completions  are  treated  as  depletions  from  natural 
flows .   These  demands  are  as  follows : 

1.  Orland  Irrigation  District  requirements. 

2.  Black  Butte  "New  Lands"  conservation  requirements. 


3.  Those  portions  of  Stony  and  Thcanes  Creek  flows 
which  contribute  to  the  prior  downstream  mandatory  require- 
ments in  the  Sacramento  River  ajid  Sacirainento-San  Joaquin  Delta, 

As  stated,  these  demands  were  subtracted  from  natural  flows; 
the  remaining  flows  were  used  to  calculate  the  curves  labeled  "net  yield" . 
F'oll  natural  flows  were  used  to  determine  the  "gross  yield"  curves. 

A  new  yield  of  about  ^+9,300  acre-feet  is  attributed  to  develop- 
ment of  Stony  Creek  flows  by  conser\'Btion  features  of  Black  Butte  Reservoir. 
A  market  for  this  yield,  in  which  deficiencies  are  taken,  is  guaranteed  by 
the  State  of  California.  However,  no  contracts  have  been  concluded  to 
date.   It  is  possible  that  this  water  may  be  used  in  the  Bureau's  West 
Sacramento  Canal  service  area.  It  is  doubtful  that  Black  Butte  Reservoir 
would  be  able  to  achieve  regulation  such  as  to  make  these  flows  usable  in 
the  Delta.   If  this  water  were  to  be  used  in  the  Delta,  a  greater  yield 
co'old  probably  be  obtained  by  storing  this  water  in  Glenn  Reservoir  than 
could  De  obtained  by  storing  it  in  Black  Butte  Reservoir.  What  this  in- 
cremental yield  might  be  lias  not  been  determined. 

As  stated,  releases  are  also  assumed  to  be  made  when  the  natural 
flows  of  Stony  Creek  or  Thomes  Creek  contribute  to  the  existing  mandatory 
flows  in  the  Sacramento  River  and  Delta.  The  amount  and  timing  of  these 
releases  depend  on  the  surplus  flows  or  lack  of  them  which  is  assumed  to 
exist  in  the  Sacramento-San  Joaquin  Delta.   Surplus  flows  determined  oy 
the  USBR-State  Joint  Operation  of  September  I96O,  were  used  to  determine 
mandatory  releases.   The  estimates  of  Delta  flows  are  constantly  being 
revised  and  consequently,  the  mandatory  releases  are  subject  to  change. 
One  of  the  differences  between  the  gross  and  net  yield  corves  is  attri- 
butable to  this  mandatory  release  effect. 

A  portion  of  the  estimated  Sacramento  River  mandatory  release 
schfdule  is  for  navigation  purposes.  Altho\i^h  these  possibly  required 
mandatory  releases  for  navigation  purposes  represent  only  a  small  part 
of  the  difference  between  the  gross  yield  and  net  yield  curves,  it  may  be 
possible  that  the  navigation  requirements  need  not  be  subtracted  from 
inflows  since  releases  would  probably  be  made  to  the  river  at  this  time 
anyway.  All  estimates  are  based  on  the  assumption  that  existing  Central 
Valley  Reservoir  System  would  continue  to  operate  according  to  present 
criteria. 
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Through  coordina-cion  of  these  alternative  Middle  Fork  Eel  River 
Diversion  Projects  and  elements  of  the  Glenn  Reservoir  Complex  with  the 
Central  Valley  Reservoir  System,  it  seems  reasonable,  hov/ever,  to  theorize 
that  actual  yields  of  these  projects  would  be  neither  as  high  as  shown  by 
the  "gross  jield"  curve  nor  as  low  as  indicated  by  the  "net  yield"  curve. 

Both  net  and  gross  yield  curves  are  corrected  for  evaporation 

according  to  the  foU-Owing  schedule: 

Storage  Annual  Evaporation  Loss 

(1,000,000  Acre-Feet)  (1,000  Acre-Feet) 

1  30 

2  50 

3  70 
1^  85 
5  95 

CHART  H: 

Tliis  chart  indicates  the  relationships  between  reservoir  storage 
capacity  and  capital  and  annual  cost  data  for  the  various  possible  combi- 
nations of  the  components  of  Glenn  Reservoir.  Total  annual  cost  is 
assumed  to  equal  5  percent  of  the  capital  cost.   These  curves  are  based 
on  estimates  made  by  the  Northern  Branch  design  group  for  four  nonaal 
pool  elevations:  860,  920,  9^0,  and  1,000  feet  above  mean  sea  level. 

A  report  on  the  quantity  and  quality  of  borrow  material  available 
for  Rancheria,  NevArijJ.e,  and  Julian  Rocks  Dams  is  nearing  completion.  This 
infoniiation  may  lead  to  some  revisions  in  cost  estimates. 

Cost  of  a  road  around  Glenn  Reservoir  is  included  but  the  cost 
of  a  causeway  and  bridge  across  Chrome  Saddle  is  not, 

CHART_I: 

This  chart  shows  the  relationship  between  the  net  yield  derived 
from  local  sources  of  inflow  and  the  cost  per  acre-foot  of  developing  this 
yield.  The  only  cost  considered  to  be  incurred  by  the  development  of  local 
water  is  that  of  the  dam  and  reservoir.  Recreation  benefits,  which  would 
probably  ce  appreciable,  have  not  been  credited.   The  relationships  shown 
on  this  chart  are  sensitive  to  the  cnanges  in  cost  and  changes  in  demand 
schedule . 
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CHART  J: 

Chart  J  presents  the  yield- storage  capacity  data  for  Stony  Creek 
plus  imports  from  the  Middle  Fork  Eel  River.  These  imports  woiald  originate 
at  either  Jarbow  Reservoir  or  Spencer  Reservoir.  The  conveying  tunnel 
would  have  its  downstream  portal  in  the  Grindstone  Creek  Basin  in  either 
case;  however,  the  elevation  of  the  exit  inverts  would  be  different.  The 
Jarbow-Grindstone  tunnel  would  have  an  exit  elevation  of  1,000  feet  while 
the  Spencer-Grindstone  tunnel  would  have  aji  exit  of  1,250  feet.  The  gross 
storage  capacities  for  Jarbow  and  Spencer  Reservoirs  were  ass\OTed  to  be 
285,000  acre-feet  and  532,000  acre-feet  respectively.  The  sizing  of 
Spencer  Reservoir  at  532,000  acre-feet  of  storage,  under  the  assumed 
operation,  was  done  on  a  reasonably  sound  basis.  The  basis  for  sizing 
Jarbow  Reservoir  was  not  as  firm.  These  diversion  reservoirs  were 
operated  in  the  manner  described  in  the  section  titled  "Chart  B" .  Both 
gross  yield  and  net  yield  curves  are  shown.  The  difference  between  these 
curves  is  described  in  the  section  headed  "Chart  G".  More  pertinent  data 
on  these  features  are  given  in  Chart  N. 

CHART  K: 

Chart  K  presents  the  yield-storage  capacity  data  for  Thomes 
Creek  plus  an  import  from  Spencer  Reservoir.  The  transbasin  diversion 
would  be  accomplished  by  a  tunnel  fran  Spencer  Reservoir  to  Thomes  Creek 
which  vrould  exit  at  elevation  1,250.   It  does  not  appear  feasible  to 
develop  the  power  potential  between  the  tunnel  outlet  portal  euid  Paskenta 
Reservoir.   Both  gross  yield  and  net  yield  curves  are  shown  on  this  chart. 
The  difference  between  these  is  explained  under  the  heading  "Chart  G" . 

CHART  L: 

Chart  L  presents  yield- storage  data  based  upon  Stony  Creek  flows 
plus  Thames  Creek  flows  plus  a  diversion  from  cither  Spencer  or  Jarbow 
Reservoirs.  The  Middle  Fork  Eel  River  Reservoirs  are  operated  as  diversion 
reservoirs  as  discussed  above.   Both  tunnels  would  exit  in  the  Grindstone 
Canyon.  The  outlet  invert  elevations  are  1,250  feet  for  the  tunnel  from 
Spencer  and  1,000  feet  for  the  tunnel  from  Jarbow.  The  difference  between 
the  gross  yield  and  not  yield  curves  is  discussed  in  the  section  headed 
"Chart  G". 


-177- 


CHART  I'i: 

Chart  M  presents  a  table  of  pertinent  data  for  tt,e  Middli^  Fork 
Eel  River  feat'orcs  and  the  transbaoin  diversion  featiires  v/hi-jh  are  used 
in  the  development  of  yield- storar';  relationsxiips  presented  or.  this  chart. 
These  features  are  regarded  as  ccnotants  in  tnis  analysis. 

CHAi^T  N: 

Chart  N  presents  capital  co£t-yi€:ld  data  for  the  various  alterna- 
tive projects  considered  herein.   The  follovlny  is  a  breakdcvm  of  the 
features  which  costs  are  included  in  th;:  curves. 

Curve  A:      Spencer  Reservoir 

Spencer-Thomes  Tunnel 

Paskenta  Reservoir  / 

Kewvillc  Reservoir- 
Curve  B:      Sixmccr  Reservoir 

.Opencer-Grindstone  lyrinel 

Ranchcria  Reservoipr' 

JJcv.'ville  Reservoir- 
Curve  C:      Jar'uov;  Reservoir 

Jarjov-Grindstone  Tunnel 

Rancheria  Reservoij>r 

iiewville  Reservoix^' 

Curve  D:      Gpencor  Resen-oir 

opencer-Grindstone  Tunnel  _ ■ 

Raskenta-Ke-'.-rville -Rancheria  Reservoir^ 

Curve  E:      Jaroow  Reservoir 

Jarbov-Grindstone  Tunnel  „/ 

Paskenta-Ne^wille-Rancheria  R'jservoir-' 


1/   Including  the  cost  of  Cnronc  Dike. 

2/'  Oaly  used  for  total  i-torages  in  excess  of  3^750,000  acre-feet: 

including  the  cost  of  a  cut  across  ChroMe  Saddle  and  a  causeway-. 
'<j     Includes  the  cost  or  the  cut  and  canrie'vay-bridye  across  Chrome  Saddle. 

The  cost  ci'  ':he  Middle  Fork  Kel  River  reservoirs  and  the  trans- 
■:/asin  tminelG  are  not  varied  witnin  a  given  study.   Tne  only  variance  in 
cost  is  due  to  the  sjz.ing  of  the  Glenn  Reservoir  corcplex  features. 

Since  Jar  ow  and  Spencer  Reservoirs  vere  otjerated  so  as  to  pre- 
clude the  developir.'.-nt  of  fim  yield,  the  total  co;;.ts  at  lov/  yields  are 
high.   Costs  for  ull  features  shown  are  still  ujider  study. 

CHART  Q: 

This  chart  shows  the  net  revenue  attributable  to  power  develop- 
ment below  the  Glenn  Reservoir  Complex.   Consideration  v;as  limited  to  tlie 
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development  of  the  power  potential  below  Newville  Reservoir.  On  the  basis 
of  prelininary  studies  it  appears  feasible  to  develop  the  power  head  between 
Newville  and  Black  Butte  Reservoirs,  either  by  means  of  channel  excavation 
or  by  construction  of  an  intermediate  reservoir.  Indications  are  that  for 
a  low  range  of  flows  the  intermediate  reservoir  would  be  more  advantageous, 
whereas  with  higher  flows,  the  excavation  appears  more  favorable.  The 
evaluation  shown  on  this  chart  is  based  on  construction  of  the  intermedi- 
ate reservoir. 

The  net  revenue  declines  sharply  for  yields  greater  than  about 
1+60,000  acre-feet.  This  is  because  a  large  active  storage  capacity  is 
required  to  develop  these  yields  and  the  correspionding  dam  costs  are  in- 
creasing at  a  much  greater  rate  than  power  benefits. 

This  chart  indicates  that  although  a  power  development  may  be 
feasible,  the  expected  net  revenues  are  not  appreciable. 

CHART  P; 

This  chart  gives  yield  and  annual  cost  data  for  the  same  alter- 
natives shown  in  Chart  N.  The  curve  notation  is  the  same. 

Costs  and  benefits  associated  with  flood  control,  hydro-power, 
recreation,  and  fisheries  enhancement  are  not  included  in  this  analysis. 
The  data  shown  do  not  reflect  costs  associated  with  construction  of  the 
proposed  highway  from  the  vicinity  of  Orland  to  the  vicinity  of  Willits 
via  a  Mendocino  Pass  route.  A  bridge  across  the  Chrome  Channel  portion 
of  the  Glenn  Reservoir  Complex  probably  would  be  required  for  this  high- 
way and  its  cost  would  be  assigned  to  the  project. 

As  mentioned  previously,  conclusions  made  from  these  charts 
should  be  viewed  in  light  of  the  basic  assumptions  made.  As  an  example, 
the  lowest  -unit  cost  indicated  on  this  chart  is  for  Newville-Paskenta 
Reservoir  with  an   impori;  from  Spencer  Reservoir.  However,  previous  co- 
ordinated operations  with  the  delta  show  that  a  combination  including 
Rancheria  and  Spencer  Reservoirs  could  firm-up  delta  supplies  at  a  lower 
unit  cost  than  could  the  Newville-Paskenta-Spenccr  combination. 

There  are  a  number  of  contributing  factors  which  lead  to  these 
different  conclusions.  One  of  the  major  ones  is  the  different  demand 
schedules  used  in  the  two  analyses.  A  uniform  demand  schedule  vras  used 
in  the  former  and  a  delta-firming  schedule  was  used  in  the  latter.  The 
effect  of  using  a  uniform  demand  schedule  varies  as  the  inflow  pattern 
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and  the  storage  capacities  involved.  The  effect  is  not  so  evident  in 
the  month- to-month  variation  as  it  is  in  the  year-to-year  variation. 
When  viewed  on  the  latter  basis,  it  appears  that  somewhat  larger  storages 
would  be  required  to  meet  a  delta  demand  schedule  than  a  uniform  demsmd 
schedule.  This  would  be  true  when  the  demand  is  less  than  average  for  a 
period  of  several  years,  when  the  inflow  is  high  during  this  same  period, 
and  then  the  demand  becomes  higher  for  a  shorter  period  of  years  when  the 
inflow  is  not  so  great.  The  concurrence  of  low  demand  and  high  inflow 
changes  the  point  at  which  the  reservoir  would  break  over  into  a  longer 
critical  period  which  in  turn  would  change  the  required  storage  for  a 
given  yield.  The  effect  is  particularly  noticeable  in  a  critical  period 
lasting  20  years  or  more. 
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RIVER  FLOWS 


CHART   E 

EXPORTABLE   MIDDLE  FORK  EEL  RIVER  FLOWS 

DURING  THE  PERIOD 

JUNE  1916  THROUGH   OCTOBER   1937 

DIVERSION    FROM  JARBOW    RESERVOIR 


RESERVOIR    ACTIVE    STORAGE    iN   1.000  ACRE-FEEI 


)NSHIPS 

EEK  ONLY 
EEL  RIVER 


K-4 


)  ACRE -FEET 


CHART   K 

FIRM   WATER  YIELD- 
STORAGE   CAPACITY   RELATIONSHIPS 
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UPPER    EEL  RIVER    DIVISION 
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THE    GLENN    RESERVOIR    COMPLEX 

RECONNAISSANCE     SUMMARY   OF   COST    FOR 
DEVELOPMENT  OF  NET  NEW   FIRM   WATER   YIELD   AT  SITE 

RESERVOIR    INFLOWS    DERIVED    FROM    NATURAL  TRIBUTARY 
RUNOFF  AND    IMPORTS    FROM    MIDDLE    FORK    EEL   RIVER 
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PLATE  6 

ALTERNATIVE  EXPORT  CONVEYANCE  FACILITIES 

English  Ridge  Reservoir  to  Monticello  via  Clear  Lake 

This  plate  indicates  to  reconnaissance  standards  the  cost  of 
conveying  varying  amounts  of  water  from  English  Ridge  Reservoir  on  the 
upper  main  stem  Eel  River  to  Lake  Berryessa  on  Putah  Creek. 

The  basic  conveyance  facilities  required  would  be  the  Garrett 
Tunnel,  which  would  divert  Eel  River  water  into  the  Clear  Lake  drainage 
oasin,  and  Soda  Creek  Tunnel  which  would  divert  water  from  Clear  Lake 
into  the  Lake  Berryessa  drainage  area. 

The  conveyance  system  cost  versus  capacity  relationship  varies 
with  the  elevation  selected  for  the  Garrett  Tunnel  inlet  and  also  with 
the  normal  water  surface  elevation  of  Lake  Berryessa.  Power  recovery 
facilities  could  be  installed  at  the  locations  indicated  on  Plate  No.  6. 
With  the  inlet  of  Garrett  Tunnel  at  elevation  l,oOO  feet,  the  Hunter 
Point  Forebay  was  considered  to  have  a  normal  water  surface  elevation  of 
1,562  feet,  and  the  powerplant  design  head  would  be  approximately  210 
feet.  With  the  tunnel  inlet  at  1,500  feet,  the  Hunter  Point  forebay  was 
considered  to  have  a  normal  water  sxirface  elevation  of  1,500  feet,  and 
the  powerplant  design  head  would  be  approximately  I50  feet.   If  Lake 
Berryessa  is  to  be  enlarged  to  a  normal  water  surface  elevation  of  8OO 
feet,  the  Noyes  sind  Snell  power  recovery  facility  sites  would  be  inun- 
dated; however,  the  Jerusalem  powerplant  design  head  could  be  increased 
from  approximately  lUO  feet  to  2U0  feet  by  excavating  a  tailwater  chsinnel 
to  elevation  8OO  feet. 

In  this  investigation,  it  was  assumed  that  the  yield  from  the 
Eel  River  would  be  delivered  on  a  firm  annual  basis.  The  monthly 
quantities  of  delivered  water  could  be  constant  or  varied  as  desired  to 
meet  a  power  demand  schedule.  The  following  power  demand  schedule  was 
used  to  size  and  evaluate  the  proposed  power  facilities: 


Month 

kwh/kw 

Percent 

Oct. 

200 

7,605 

Nov. 

170 

6,1+61^ 

Dec. 

180 

6,81^ 

Jan. 

160 

6,081* 

Feb. 

lltO 

5,323 

March 

220 
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8,365 

Month 

KWH/KW 

Percent 

April 

190 

7,22i+ 

May 

200 

7,605 

Jvine 

260 

9,886 

July 

330 

12,5^^7 

Aug. 

3i4-0 

12,928 

Sept. 

2U0 

9,125 

Totals     2,630     100,000 
Plant  Capacity  Factor  =  30f; 


Another  criterion  used  in  this  investigation  was  that  Clear  Lake, 
vhich  would  act  as  an  afterbay  for  the  Hunter  Point  power  facilities,  would 
not  fluctuate  more  than  one  foot  in  water  surface  elevation  as  the  result 
of  power  releases. 

The  power  revenue  data  are  based  on  the  dependable  capacity 
salable  at  $2if.U0  per  kilowatt  and  the  hydroelectric  energy  salable  at 
$.003  per  kilowatt  hour  at  the  plant.   Revenue  from  the  sale  of  potential 
secondary  energy  has  not  been  included  in  these  data. 

Description  of  Charts 
Chart  A:  Garrett  Tunnel 

Cost  estimates  were  prepared  of  Garrett  Tunnel,  with  the  inlet 
elevation  of  1,500  feet,  by  the  Northern  Branch  Design  Unit.   The  tunnel 
rock  condition  was  obtained  from  the  Department  of  Water  Resources'  geology 
report  of  September  1957'  The  estimates  were  prepared  of  a  concrete-lined 
circular  tunnel  with  a  length  of  12.2  miles  and  diameters  of  10,  I5,  20, 
and  25  feet. 

The  txxnnel  capacity-diameter  relationship  was  based  on  gravity 
flov;  conditions  with  50  feet  of  fall  and  was  computed  as  follows: 

Capacity  in  c.f  .s.  =  .^4-63  S'^  D  •°' 
N 

=  .463  (50  )  -5   D^-^"^ 

Toi¥  (^5^00) 

=  0.92i^  D^'^^ 
Capacity  in  AF/Yr  =  72I+  x  0.92i+  D^*  '^ 


=669   d2-67 
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Cost  estimates  were  also  prepared  of  Garrett  Tunnel,  vdth  the 
inlet  at  elevation  1,600  feet  and  a  length  of  i+8,200  feet,  by  the  North 
Coastal  Planning  Unit.  The  estimates  were  made  at  tunnel  diameters  of 
10,  15,  20,  and  25  feet. 

The  tunnel  capacity-diameter  relationship,  based  on  50  feet  of 
total  available  head,  was  resolved  to  be  as  follows: 

Capacity  in  c.f.s.  =  1.06  D   '^ 
Capacity  in  AF/Yr  =  767   D^  ''' 
CHART  B:  Hunter  Point  Power  Facilities  (Des.  H  =  I50  feet)-' 

These  data  are  applicable  when  the  Garrett  Tunnel  inlet  is  at 
elevation  1,500  feet.   In  most  instances  the  powerplant  dependable 
capacity  was  based  on  the  Garrett  Tunnel  having  a  diameter  greater  than 
the  r.iinimum  requirement.  This  resulted  in  increasing  the  dependable 
capacity  of  the  Hunter  Point  powerplant.  The  incremental  cost  of  the 
Garrett  Tunnel  due  to  the  installation  of  power  facilities  at  H'onter 
Point  is  included  in  these  data. 

The  costs  of  the  Hunter  Point  Forebay  powerpleint  and  tailwater 
channel  were  estimated  by  the  North  Coastal  Planning  Unit. 

These  facilities  would  be  located  on  Middle  Creek  at  stream 
bed  elevation  1,^+05  feet. 

CHART  C:   Hunter  Point  Power  Facilities  (Des.  H  =  210  feet)^' 

These  data  are  applicable  when  the  Garrett  Tunnel  inlet  is  at 
elevation  1,600  feet.   In  most  instances  the  powerplant  dependable 
capacity  was  based  on  the  Garrett  Tunnel  having  a  diameter  greater  than 
the  minimum  requirement.  This  resulted  in  increasing  the  dependable 
capacity  of  the  Hunter  Point  irawerplsuit .  The  incremental  cost  of  the 
Garrett  Tunnel,  due  to  the  installation  of  power  facilities  at  Hunter 
Point,  is  included  in  these  data. 

The  cost  of  the  Hunter  Point  forebay  was  estimated  by  the 
Northern  Branch  Design  Unit.  The  costs  of  the  powerplant  and  tailwater 
chEoinel  were  estimated  by  the  North  Coastal  Planning  Unit. 


YJ  Subsequent  to  the  preparation  of  Plate  No.  6,  the  name  of  this 
possible  reservoir  and  powerhouse  has  been  changed  from  Hunter 
Point  to  Pitney  Ridge,  to  be  consistent  with  other  agencies. 
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CIIAKT  D:  Soda  Creek  Tunnel 

Cost  estimates  of  the  Soda  Creek  Tunnel  vith  diameters  of  9,  12, 
16,  and  21  feet  were  prepared  by  the  North  Coastal  Planning  Unit,  using 
Department  of  Water  Resources'  Biolletin  No.  78,  Appendix  C,  estimating 
procedures.  The  round  concrete-lined  tunnel  would  have  a  length  of  10,700 
feet,  with  the  invert  elevation  of  the  inlet  at  1,320  feet. 

A  geologic  office  report  based  on  a  cursory  study  of  the 
California  Division  of  Mines '  geologic  mapping  was  used  to  make  aji  estimate 
of  the  expected  tunneling  conditions. 

The  tunnel  capacity-diameter  relationship  was  based  on  gravity 
flow  conditions  with  I5  feet  of  fall.  With  the  tunnel  flowing  at  a  con- 
tinuous rate  throughout  the  year,  its  maximura  capability  was  resolved  to 
be  as  follows : 

Capacity  in  c.f.s.  =  1.26  D  '^' 
Capacity  in  AF/Yr  =  913  D^'  ^ 

CHART  E:  Stienhart  Power  Facilities 

The  cost  estimate  for  Stienhart  Dam  and  Reservoir  with  a  gross 
capacity  of  100,000  acre-feet  was  prepared  by  the  Northern  Branch  Design 
Unit.   The  costs  of  the  remaining  power  facilities  were  estimated  by  the 
North  Coastal  Planning  Unit.   In  most  instances  the  powerplant  dependable 
capacity  was  based  on  the  Soda  Creek  Tunnel  having  a  diameter  greater  than 
the  minimum  requirement.  This  reduced  the  forebay  drawdown  and  resulted 
in  increasing  the  dependable  capacity  of  the  powerplajit.   The  incremental 
cost  of  the  Soda  Creek  Tunnel,  due  to  the  installation  of  power  facilities 
at  Stienhart,  is  included  in  these  data. 

These  facilities  woiiLd  be  located  on  Soda  Creek  at  stream  bed 
elevation  l,0i+5  feet. 

CHART  F:   Jerusalem  Power  Facilities  (Des.  H  =  2^0  feet) 

These  data  are  applicable  when  water  is  to  be  conveyed  to  an 
enlarged  Monticello  Reservoir.  The  stream  bed  elevation  at  this  site  on 
Soda  Creek  is  9OO  feet,  and  these  data  include  the  cost  of  excavating  a 
tailwater  channel  to  the  proposed  reservoir  water  surface  elevation  of  8OO 
feet  at  Monticello, 

The  dam  and  reservoir  cost  estimate  was  prepared  by  the  Northern 
Branch  Design  Unit,  and  the  costs  of  the  remaining  facilities  were  esti- 
mated by  the  North  Coastal  Planning  Unit. 
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CHART  G:  Jerusalem  Power  Facilities  (Des.  H  =  li+O  feet) 

These  data  are  applicable  when  water  is  to  be  conveyed  to  the 
existing  Monticello  Reservoir.  These  data  are  based  on  a  tailwater  eleva- 
tion of  900  feet. 

CHART  H;  Noyes  Power  Facilities 

These  data  are  applicable  when  water  is  to  be  conveyed  to  the 
existing  Monticello  Reservoir.  These  facilities  would  be  located  on  Putah 
Creek  at  stream  bed  elevation  65O  feet. 

The  cost  estimate  for  the  dam  and  reservoir  vras  prepared  by  the 
Northern  Branch  Design  Unit,  and  the  costs  of  the  remaining  power  facili- 
ties were  estimated  by  the  North  Coastal  Planning  Unit. 

CHART  I:  Snell  Power  Facilities 

These  data  are  applicable  when  water  is  to  be  conveyed  to  the 
existing  Monticello  Reservoir.  These  facilities  would  be  located  on 
Putah  Creek  at  the  normal  pool  elevation  {kkO   feet)  of  Lake  Berryessa. 

The  cost  estimate  for  the  dam  and  reservoir  was  prepared  by  the 
Northern  Branch,  and  the  costs  of  the  remaining  power  facilities  were 
estimated  by   the  North  Coastal  Planning  Unit. 

CHART  J:  Export  Conveyance  System,  Capital  Cost -Capacity  Data 

These  data  were  developed  from  the  previously  described  charts 
and  indicate  the  total  capital  cost  of  the  conveyance  system  between 
English  Ridge  Reservoir  and  Monticello  Reservoir.  Sudden  increases  in 
the  cost  curves  occur  at  the  capacities  at  which  various  power  facilities 
become  feasible  and  would  reduce  the  net  annual  cost  of  the  project. 

CHART  K:  Export  Conveyance  System,  Capital  Cost-Capacity  Data 

These  data  were  developed  as  described  for  Chart  "J"  for  the 
English  Ridge-Montice]_Lo  Reservoir  conveyance  system  and  are  apixLicable 
when  the  inlet  elevation  of  Garrett  Tunnel  is  at  1,600  feet. 

CHART  L:  Annual  Unit  Cost  ol'  Conveyance  System 

These  data  were  developed  from  the  previously  described  charts 
and  can  be  used  to  determine  the  effect  of  the  net  annual  cost  of  the  con- 
veyance system  on  the  unit  cost  of  water  delivered  to  Monticello  Reservoir 
under  various  circumstances.  They  indicate  that  when  relatively  large 
quantities  of  water  are  being  conveyed,  the  annual  revenue  from  the  in- 
stalled power  facilities  exceeds  the  total  annual  cost  of  the  entire 
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conveyance  system.  The  cost  of  water  delivered  to  the  existing  Lake 
Berrj^essa  (N.W.S.  kkO   feet)  would  be  less  than  that  delivered  to  the  pro- 
posed enlarged  Monticello  Reservoir  (N.W.S.  800  feet)  when  the  Noyes  and 
Snell  power  recovery  facilities  are  feasible. 
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PLATE  6A 

ALTERNATIVE  EXPOOT  CONVEYANCE  FACILITIES  - 

ENGLISH  RIDGE  RESERVOIR  TO  MONTICELLO  RESERVOIR 

This  plate  indicates,  to  reconnaissance  standards,  the  cost  of 
conveying  varying  amounts  of  water  from  English  Ridge  Reservoir  on  the 
upper  main  stem  Eel  River  to  Lake  Berryessa  on  Putah  Creek. 

The  conveyance  system  presented  on  Plate  6a  is  very  similar  to 
that  shown  on  Plate  6.  The  major  differences  are: 

1.  A  conveyance  system  with  the  inlet  at  elevation 
1,U00  feet  is  included, 

2.  The  Hunter  Point  Reservoir  and  power  facilities  are 
not  included.  This  would  facilitate  a  coordinated  operation 
between  English  Ridge  Reservoir  emd  Clear  Lake. 

3.  The  Soda  Creek  Tunnel  would  be  sized  to  convey 
"peak"  power  diversions  and  Clear  Lake  flood  flows. 

h.     Stienhart  Reservoir  would  have  a  normal  water  sur- 
face elevation  of  1,300  feet  with  no  drawdo;m. 

Tlie  basic  conveyance  facilities  required  would  be  the  Garrett 
Tunnel,  which  would  divert  Eel  River  water  into  the  Clear  Lake  drainage 
basin,  and  the  Soda  Creek  T-onncl  which  would  divert  water  from  Clear  Lake 
into  the  Lake  Berryessa  drainage  area. 

The  conveyance  system  cost  versus  capacity  relationship  varies 
with  the  elevation  selected  for  the  Garrett  Tunnel  inlet  and  also  with 
the  normal  water  surface  elevation  of  Lake  Berryessa,  Power  recovery 
facilities  could  be  installed  as  desired  at  locations  indicated  on 
Plate  ok.     Although,  if  Lake  Berryessa  is  enlarged  to  a  normal  vrater  sur- 
face elevation  of  76O  feet,  the  Noyes  and  Snell  power  recovery  facility 
sites  would  be  inxindated.   In  this  event,  the  Jerusalem  powerplant  design 
head  would  be  increased  from  approximately  1^0  feet  to  2^0  feet  by  exca- 
vating a  tailwater  channel  to  elevation  8OO  feet  on  Putah  Creek. 

In  this  investigation,  it  was  assumed  that  the  yield  from  the 
Eel  River  would  be  delivered  on  a  firm  ajinual  basis.  The  monthly  quanti- 
ties of  delivered  water  could  be  constant  or  varied  as  desired  to  meet  a 
power  demand  schedule.  The  following  power  demand  schedule  was  used  to 
size  and  evaluate  the  proposed  power  facilities: 
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TOTAL 

Plant  Capacity  Factor  =  30^ 

Garrett  Tunnel  vas  sized  for  iiniform  flow  conditions  with 
English  Ridge  Reservoir  at  its  minimum  pool  elevation.   Releases  from 
English  Ridge  Reservoir  would  be  made  as  necessary  to  maintain  Clear  Lake 
at  the  water  surface  elevation  desired.  The  Soda  Creek  Tunnel  was  sized 
to  convey  the  "peaking"  flows  for  the  proposed  power  facilities  on  Soda 
Creek  and  Putah  Creek.  Therefore,  most  flood  flows  from  the  Clear  Lake 
drainage  basin  could  be  conveyed  through  the  Soda  Creek  tunnel  and  stored 
in  Lake  Berryessa. 

The  power  revenue  data  are  based  on  the  dependable  capacity 
salable  at  $24.40  per  kilowatt  and  the  hydroelectric  energy  salable  at 
$0,003  per  kilowatt-hour  at  the  plant.   Revenue  from  the  sale  of  potential 
secondary  energy  has  not  been  included  in  these  data. 

The  proposed  powerplants  on  Soda  Creek  and  Putah  Creek  wo\ild 
operate  under  a  constant  head,  and  the  efficiency  of  the  plants  was 
assumed  to  be  8^  percent. 

Description  of  Charts 
CHART  A:  Garrett  Tunnel  -  Capital  Cost 
CHART  B:  Garrett  Tunnel  -  Annual  Cost 

Cost  estimates  were  prepared  for  Garrett  Tunnel,  with  the  inlet 
at  elevation  I5OO  feet,  by  the  Northern  Branch  Design  Unit.   The  tunnel 
rock  conditions  were  obtained  from  the  Department  of  Water  Resources'  geology 
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report  of  September  1957 •  The  estimates  were  prepared  for  a  concrete- 
lined  circular  tunnel  with  a  length  of  12.2  miles  and  diameters  of  10, 
15,  20,  and  25  feet. 

The  tunnel  capacity-diameter  relationship  was  based  on  gravity 
flow  conditions  with  50  feet  of  fa]_L  and  was  resolved  as  follows: 

Capacity  in  c.f.s.   0.924  D  '  ' 

Capacity  in  AF/Yr      669  D^  "^ 

Cost  estimates  were  also  prepared  for  Garrett  Tunnel  with  the 
inlet  at  elevations  of  1,400  and  1,600  feet  and  respective  lengths  of 
100,700  feet  and  46,200  feet  by  the  North  Coastal  Planning  Unit.  The 
estimates  were  made  for  t\mnel  diameters  of  10,  I5,  20,  and  25  feet. 

The  tunnel  capacity-diameter  relationships,  based  on  50  feet 
of  total  available  head  were  as  follows: 


1,400  feet       1,60Q  feet 
0.737  D^-^'^      1.0o4  D^'^' 
Capacity  in  AF/Yr  534  T?     '^  767  D^  "^ 


Capacity  in  c.f.s.         O.737  D^'  ^  1.064  D^  ''' 


CHART  C:  Soda  Creek  Tunnel 

Cost  estimates  of  the  Soda  Creek  Tunnel  with  diameters  of  ^,   12, 
16,  and  21  feet  were  prepared  by  the  North  Coastal  Planning  Unit,  using 
Department  of  Water  Resources  Bulletin  No.  78)  Appendix  C,  estimating 
procedures.  The  round  concrete-lined  tunnel  would  have  a  length  of 
10,700  feet,  with  the  water  surface  elevation  at  the  inlet  of  1,320  feet. 

The  tunnel  capacity-diameter  relationship  was  based  on  gravity 
flow  conditions  with  I5  feet  of  fall.  With  the  tunnel  flow  based  on  a 
power  schedule ,  the  maximum  capability  was  as  follows : 

Capacity  in  c.f.s.       1.240  D  *  ' 
Capacity  in  AF/Yr  269  D  *  '^ 

Capacity  Factor  =  30^ 

CHART  D:  Stienhart  Power  Facilities 

The  cost  estimate  for  Stienhart  Dam  and  Reservoir  at  a  gross 
capacity  of  80,000  acre-feet,  and  the  power  facilities,  were  estimated 
by  the  North  Coastal  Planning  Unit.  The  normal  water  surface  elevation 
of  Stienhart  Reservoir  would  be  1,300  feet. 

These  facilities  woxild  be  located  on  Soda  Creek  at  a  streambed 
elevation  of  1,045  feet. 
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CHART  E:   Jerusalem  Power  Facilities  (design  head  =  2l+0  feet) 

These  data  are  applicable  when  water  is  to  be  conveyed  to  Lake 
Berryessa,  whether  existing  or  enlarged,  in  amounts  up  to  1,000^000  acre- 
feet/  year,  or  to  enlarged  Monticello  Reservoir  only  when  delivering  amounts 
greater  than  1,000,000  acre-feet/year. 

The  streambed  elevation  at  this  site  on  Soda  Creek  is  9OO  feet, 
and  these  data  include  the  cost  of  excavating  a  tailwater  chaxinel  with  a 
water  siirface  elevation  of  8OO  feet. 

The  dam  and  reservoir  cost  estimate  was  prepared  by  the  Northern 
Branch  Design  Unit,  and  the  costs  of  the  power  facilities  were  estimated 
by  the  North  Coastal  Planning  Unit. 

CHART  F:  Jerusalem  Power  Facilities  (design  head  =  l^t-O  feet) 

These  data  are  applicable  when  water  is  to  be  conveyed  to  existing 
Lake  Berryessa  in  amounts  over  1,000,000  AF/year.   These  data  are  based 
on  a  tailwater  elevation  of  9OO  feet. 

CHART  G:  Noyes  Power  Facilities 

These  data  are  applicable  when  water  is  to  be  conveyed  to  the 
existing  Lake  Berryessa  in  amounts  over  1,000,000  AF/year.  These  facilities 
would  be  located  on  Putah  Creek  at  streambed  elevation  65O  feet. 

The  cost  estimates  for  the  dain  and  reservoir  were  prepared  by  the 
Northern  Branch  Design  Unit,  and  the  costs  of  the  remaining  power  facili- 
ties were  estimated  by  the  North  Coasteil  Planning  Unit. 

CHART  H;   Snell  Power  Facilities 

These  data  are  applicable  when  water  is  to  be  conveyed  to  the 
existing  Lake  Berryessa  in  amounts  over  1,000,000  AF/year.   These  facili- 
ties would  be  located  on  Putah  Creek  at  streambed  elevation  3oO  feet. 

The  cost  estimate  for  the  dam  and  reservoir  was  prepared  by  the 
Northern  Branch  Design  Unit,  and  the  costs  of  the  remaining  power  facili- 
ties were  estimated  by  the  North  Coastal  Planning  Unit. 

CHART  I,  J,  AND  K:   Export  Conveyance  System 

Capital  Cost  -  Capacity  Data 

Chart  I:  English  Ridge  Reservoir  with  minimum  pool  elevation  of 
1,400  feet,  Garrett  Tunnel  inlet  elevation  1,^00  feet. 

Chart  J:  English  Ridge  Reservoir  \-rLth  minimum  pool  elevation  of 
1,500  feet,  Garrett  Tunnel  inlet  elevation  1,500  feet. 
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Chart  K:  English  Ridge  Reservoir  with  minimum  pool  elevation  of 
1,000  feet,  Garrett  Tunnel  inlet  elevation  1,600  feet. 

These  data  were  developed  from  the  previously  described  charts 
and  indicate  the  total  capital  cost  of  the  conveyance  system  between 
English  Ridge  Reservoir  and  Monticello  Reservoir.  Sudden  increases  in 
the  cost  curves  occur  at  the  capacities  at  which  various  power  facilities 
become  feasible  and  would  reduce  the  net  anniial  cost  of  the  project. 

CHART  L:  Annual  Unit  Cost  of  Conveyance  System 

These  data  were  developed  from  the  previously  described  charts 
and  can  be  used  to  determine  the  effect  of  the  net  annual  cost  of  the 
conveyance  system  on  the  unit  cost  of  water  delivered  to  Monticello 
Reservoir  under  various  circumstances.  They  indicate  that  when  relatively 
large  quantities  of  water  are  being  conveyed,  the  annual  revenue  from  the 
installed  power  facilities  exceeds  the  total  annual  cost  of  the  entire 
conveyance  system.   The  cost  of  water  delivered  to  the  existing  Lake 
Berryessa  (N.W.S.  kkO   feet)  may  be  less  than  when  delivered  to  the  pro- 
posed enlarged  Monticello  Reservoir  (N.W.S.  7^0  feet)  due  to  the  Noyes 
and  Snell  power  recovery  facilities. 
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PLATE  7 

ENLARGED  MONTICELLO  PUl-IPED- STORAGE  PROJECT 

Diversion  from  the  Sacramento  River 


The  purpose  of  this  analysis  was  to  evaluate,  to  reconnaissance 
standards,  the  new  water  yield  accompllchinents,  pumped- storage  jxjwer  poten- 
•oial,  and  associated  costs  when  surplus  flows  of  the  Sacrajtnento  River  are 
puiiiped  into  an  enlarged  Monticello  Reservoir.  The  water  would  be  released 
from  the  reservoir  in  coordination  with  Sacramento  River  flows  to  provide 
I'irzn   yield  at  the  intakes  of  the  pumping  plants  near  Tracy  for  export  to 
the  San  Joaquin  Valley. 

In  this  reconnaissance  analysis,  consideration  was  not  given  to 
certain  other  potential  project  purposes  such  as  improved  flood  control 
and  recreation.  These  items  are  believed  to  be  of  minor  significance  only, 
due  to  the  existing  Monticello  Reservoir  which  has  a  storage  capacity  of 
1,600,000  acre -feet. 

The  basic  facilities  of  the  potential  development  are  as  follows: 

1.  Monticello  Reservoir  enlargement. 

2.  Sacramento  River  diversion  facilities. 

3.  Putah  Creek  channelizing. 

k.     Putah  Creek  pumping  plants  (2). 

5.  Monticello  Afterbay,  normal  water  surface  elevation 
2.5  feet. 

6.  Monticello  Reservoir  pumping  plant. 

7.  Pvunping  plant  at  the  Sacramento  ship  channel  for 
exporting  water  to  the  Sacramento  River. 

Quite  obviously,  it  is  difficult  to  evalute  this  project  pro- 
posal, even  to  a  moderately  intensive  degree  imder  this  reconnaissance 
analysis,  due  to  the  numerous  and  complex  alternatives  and  variables 
which  have  significant  effect  upon  the  yield-cost-power  relationships. 
These  important  variables  are  as  follows : 

1.  Storage  capacity  of  Monticello  Resei-voir. 

2.  Conveyance  capacity  of  import  facilities. 

3.  Pumping  plant  operation,  i.e.,  continuous  or  off- 
peak  schedule. 

h.     Pumping  units,  i.e.,  conventional  or  reversible 
pump- turbine  type. 
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5.  Installed  capacity  of  reversible  pump- turbine 
facilities  if  operated  to  generate  energy  and  firm  capacity. 
This  would  be  accomplished  by  making  power  releases  into 
the  afterbay  during  on-pea-k  hours  and  pumping  back  into  the 
reservoir,  as  reqiiired,  during  off-peak  hours. 

6.  Sacramento  River  surplus  flows.  Various  studies 
have  been  performed  previously  by  the  Department  of  Water 
Resources  and  the  U.  S.  Bureau  of  Reclamation  to  determine 
the  surplus  flows  of  the  river  when  projected  for  conditions 
that  woxold  exist  in  1990. 

A  i<-0-year  operation  study  performed  for  many  capacities  of  the 
alternative  facilities  listed  above  is  necessary  for  a  more  detailed  ap- 
praisal of  this  project.  This  would  probably  be  accomplished  best  by 
meams  of  an  electronic  computer,  using  a  program  similar  to  that  for  the 
San  Luis  pump-turbine  operation  study. 

The  proposed  site  for  the  new  Monticello  Dam  is  approximately 
one  mile  downstream  of  the  existing  dam.  There  are  several  reasons  for 
selecting  this  site: 

1.  It  is  an  excellent  darasite  as  reflected  by  the 
reservoir  cost-capacity  data  shown  on  Chart  E. 

2.  Construction  of  the  new  dam  would  not  require 
drainage  of  the  existing  Lake  Berruessa  and  would  not  in- 
terfere with  the  operation  of  the  existing  Solajio  Project. 
The  downstream  water  requirements  would  be  supplied  through 
a  steel  conveyance  pipe  from  the  existing  reservoir. 

3.  Water  stored  in  the  existing  reservoir  at  the  time 
of  completion  of  the  new  dam  would  have  a  special  value  to 
the  piimped-storage  project.  A  relatively  long  period  may 
be  required  to  fill  the  enlarged  reservoir,  initial  ly,  to 

a  level  which  would  allow  reasonably  safe  operation  of 
the  project.   The  cost  of  interest  and  project  operation 
during  this  filling  period  would  be  reduced  in  direct  pro- 
portion to  the  amount  of  water  existing  in  Lake  Berryessa. 

All  references  to  project  yield  refer  to  yield  at  the  Sacramento 
River  Delta.   It  was  assumed  that  there  would  be  no  surplus  capacity  re- 
maining in  San  Luis  Reservoir,  and  therefore  the  yield  would  be  developed 
on  the  same  schedule  as  that  proposed  to  be  delivered  to  the  San  Joaquin 
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Vtillcy  from  the  State  Water  Facilities  at  San  Luis.  V.'hen  the  anticipated 
project  operation  is  based  on  historical  runoff,  deficiencies  of  26. k   per- 
cent of  tlic  annual  yield  would  be  taken  in  the  calendar  years  correspondin;;- 
to  192^4.,  1931,  and  1933- 

This  particular  analysis  has  again  indicated  the  need  of  reliable 
and  consistent  estimates  of  the  Sacramento  River  surplus  flows.  The 
"surpluses"  used  in  this  analysis  were  those  computed  in  the  U.  S.  Bureau 
of  Heclairiation-Department  of  V/ater  Resources'  Joint  study  of  September  29, 
I90O.  A  brief  analysis  of  this  project  using  the  "State  No.  2"   estL^nates 
of  surplus  flow  indicated  little  change  in  project  yield,  however. 

It  should  be  noted  that  the  project  yield-storage  and  yield-cost 
relationships  shown  on  this  plate  may  not  be  accurate,  if  this  project  is 
operated  independently  of  other  major  projects  which  supply  water  to  the 
Delta.   If  this  project  is  operated  independently  and  sized  to  develop 
relatively  lar,'^e  yields,  the  carryover  period  of  1917-1950  wo'old  become 
critical,  in  which  case  the  water  yields  would  be  reduced  below  that 
indicated  on  this  plate  for  a  given  project. 

Description  of  Data 

CHART_A:   Elevation-Area-Capacity  Data  -  Konticello  Reservoir  (Enlarged) 
These  data  were  developed  for  the  proposed  reservoir  which 

vra'old  be  created  by  a  dEun  at  streambed  elevation  180  feet  on  Futah  Creek 

(Sec.  28,  T8W,  R2W,  MDB&M). 

The  water  surface  elevation  versus  area  data  were  determined 

by  planimetering  the  U.  3.  G  ological  Survey  quadrangles:   Capay,  Mt. 

Vaca,  St.  Helena,  and  Morgan  Valley;  scale  1:62,^)00:  at  contour  lines 

which  \rerc   plotted  at  intervals  of  50  and  80  feet. 

CHART  D:  Elevation- Area-Capacity  Data  -  Konticello  Afterbay  Reservoir 
These  data  were  developed  for  the  proposed  reservoir  which 

would  be  created  by  a  dam  at  streambed  elevation  120  feet  on  Putah  Creek 

(Southeast  l/k,   Sec.  31,  T8N,  RiW). 

The  water  surface  elevation  versus  area  data  were  determined  by 

planimetering  the  U.  S.  Geological  Survey  quadrangles:  Capay  and  Mt. 

Vaca;  scale  1:62,500;  at  contour  lines  which  were  plotted  at  intervals 

of  50  feet. 
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CHART  C:  Reservoir  Release  and  Project  Yield  Relationship 

These  data  indicate  the  average  quantity  of  water  that  would 
be  released  annually  from  storage  in  coordination  with  Sacramento  River 
surplus  flows  to  provide  a  given  yield  at  the  Delta.  The  monthly  quanti- 
ties of  surplus  flow  were  subtracted  from  the  monthly  demand  to  determine 
the  necessary  release  from  storage.  It  was  assujned  that  the  Sacramento 
River  flows  within  months  woijld  be  uniform.  These  data  are  applicable  to 
any  reservoir  such  as  enlarged  Montlcello  or  the  Glenn  Complex,  when 
operated  to  regulate  imported  water  and  develop  a  firm  yield  at  the 
Delta. 

CHART  D;  Reservoir  Yield-Capacity  Data 

These  data  indicate  the  firm  yield  and  active  storage  relation- 
snip  of  the  project  with  the  diversion  system  from  the  Sacramento  River  at 
varying  capacity. 

It  was  assumed  that  the  demand  schedule  at  the  Delta  would  be 
the  same  as  that  projected  for  San  Luis  Reservoir  based  on  199^  conditions. 


Month 

:  Normal  Year 

:   Deficient  Year 
:  192i^,  1931,  1933 

:   (In  Percent) 

:   (In 

Percent) 

January 

3.6 

3.6 

February 

3A 

3.h 

March 

6.2 

6.2 

April 

7.5 

5.1^ 

May 

10.2 

6.9 

June 

12.5 

6.1 

July 

15.8 

10.0 

August 

l^.k 

9.7 

September 

11.3 

7.5 

October 

6.1 

1+.8 

November 

h.3 

h.3 

December 

3.7 

_ 

3.7 

TOTAL 

100.0 

73.6 

The  computed  yield  would  be  after  evaporation  losses  and  after 

sustaining  the  federal  Solano  Project  firm  yield  of  2^7,000  acre-feet  per 

year. 
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CHART  E:  Reservoir  Cost-Capacity  Data 

These  data  were  developed  from  cost  estimates  of  enlarged 
Monticello  Reservoir  which  were  prepared  by  the  Northern  Branch  Design 
Unit.  The  costs  were  determined  for  an  earth-  and  rockfill  dam  at  normal 
crater  siirface  elevations  of  550,  700>  and  800  feet  and  include  the 
following  items : 

1.  Monticello  Dam,  spillway,  ajid  outlet  works. 

2.  Reservoir  right  of  way,  clearing,  and  highway 
relocation.  The  land  acquisition  cost  was  estimated  for 
the  year  I98O  by  the  Division  of  Right  of  Way  Acquisition 
euid  the  Northern  Brajich  Economics  Unit. 

3.  A  7- 5-foot  diameter  steel  conveyance  pipe  connecting 
the  outlet  works  of  the  existing  dam  to  a  cut  and  cover  con- 
duit built  at  streambed  level  through  the  proposed  dam. 

CHART  F:   Diversion  Facilities,  Cost-Capacity  Data 

These  data  were  developed  from  cost  estimates  prepared  by  the 
North  Coastal  Area  Investigations  Unit  and  reviewed  by  the  Northern 
Branch  Design  Unit. 

The  conveyance  channel  up  Putah  Creek  would  be  cut  to  a  flat 
bottom,  gradient  since  it  would  convey  water  in  two  directions.  The 
channel  would  have  an  unlined,  trapezoidal  section  with  side  slopes  at 
2:1.  The  lower  reach  from  the  Sacramento  ship  channel  to  the  Davis  pump 
lift  would  have  a  length  of  64,680  feet  and  a  minimum  water  depth  of  10 
feet.  The  upper  reach  from  the  Davis  Reservoir  to  Monticello  Afterbay 
would  have  a  length  of  71*700  feet  and  a  minimum  water  depth  of  15  feet. 
There  would  be  sufficient  freeboard  to  allow  an  extra  5  feet  of  depth  at 
either  end  of  each  reach.  This  would  provide  an  average  water  surface 
slope  of  .000077  in  the  lower  reach  and  .OOOO7  in  the  upper  reach.  The 
channel  base  width  woiild  var>  with  its  design  capacity.  It  was  determined 
that  for  design  capacities  in  either  direction  of  3,000,  5,000,  and  6,000 
cfs,  the  base  width  would  be  95*  I60,  and  26O  feet,  respectively,  in  the 
lower  reach,  and  k-^,   80,  and  135  feet,  respectively,  in  the  upper  reach. 
The  velocity  of  flow  in  each  reach  would  be  approximately  3  feet  per 
second.  More  study  should  be  given  to  the  optimum  dimensions  of  this 
channel  after  its  desired  design  capacity  is  determined. 

The  data  in  Chart  F  are  based  on  the  following  cost  estimates 
of  the  Putah  Creek  conveyance  facilities. 
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Item 


3,000  cfs 


5,000  cfs     8,000  cfs 


Sacramento  River  Diversion 
Facilities 

Ship  channel  siphon  (L=l,500') 

Putah  Creek  Channel  (L=26  miles) 

Davis  pumping  plant  (H=90') 

Davis  Dam  and  drop  structure 

Putah  Creek  levee  near  Davis 

Afterbay  pumping  plant  (H=120') 

Konticello  Afterbay  (NWS  215') 

Extension  of  Putah  South  Canal 
(L=iv,500') 

Bridges  and  road  relocation 


$  1,21+5,000       $  1,595,000 


2,100,000 

(D=15') 

11,650,000 

7,000,000 

1,5^0,000 

1,365,000 
7,800,000 
5,280,000 

510,000 

3,000,000 


2,730,000 

(D=l8') 

16,000,000 

11,14-00,000 
2,lj-10,000 

1,365,000 

12,800,000 

5,280,000 

510,000 
3,360,000 


$  1,9^5,000 

3,360,000 

(D-21') 

22,500,000 

17,710,000 

3,770,000 

1,365,000 

20,060,000 

5,280,000 

510,000 
3,850,000 


$Ui, 14-90, 000     $57,14-50,000     $80,350,000 


The  annual  cost  data  include  repayment  of  capital  cost  plus  in- 
terest and  annual  operation,  maintenance,  and  replacement  costs.  The 
pumping  plant  annual  electrical  charges  are  not  included  in  these  data. 

CHART  G :  Diversion  Facilities,  Cost-Yield  Relationship 

These  data  indicate  the  total  annual  cost  of  the  Putah  Creek  con- 
veyance facilities  at  a  capacity  of  14-, 000  cfs,  when  the  Monticello  Pumped 
Storage  Project  is  sized  to  develop  a  given  yield  at  the  Sacramento  Delta. 
Tlie  data  in  Chart  C  were  used  to  determine  the  average  annual  delivery  into 
Monticello  Reservoir,  which  would  be  required  to  sustain  a  given  yield. 
The  average  annual  pumping  energy  requirement  was  based  on  ptjmping  the 
average  amount  which  would  be  released  from  storage,  plus  100,000  acre- 
feet  to  allow  for  annual  evaporation  losses.  For  example,  when  a  finn 
yield  of  1,600,000  acre-feet  per  year  is  to  be  developed  at  the  Delta,  the 
average  delivery  into  Monticello  Reservoir  would  be  approximately  1,230,000 
acre-feet  per  year. 

It  was  assumed  that  the  Putah  Creek  pumping  plants  would  be 
operated  on-peak  and  would  not  be  of  the  reversible  type  for  power 
generation. 
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CHART  H:  Water  Yield-Electrical  Capacity  Relationship 

These  data  indicate  the  proposed  generating  capacity  and  the 
installed  pumping  capacity  of  the  reservoir  pump-turbine  plant  when  the 
project  is  sized  to  develop  a  given  yield.  Power  releases  would  be  made 
into  the  afterbay  on  a  typical  power  schedule  even  though  supplemental 
Aireiter  might  not  be  required  at  the  Delta.  The  power  schedxile  used  in  this 
investigation  is  based  on  a  plant  capacity  factor  of  30  percent  and  is  as 
follows : 


Month 

i    kwh/kw 

:     Percent 

January 

160 

o.O&v 

February 

li+O 

5.323 

March 

220 

8.365 

April 

190 

7.224 

I>lay 

200 

7.00$ 

June 

260 

9.886 

July 

330 

12.547 

August 

3ho 

12.928 

September 

240 

9.125 

October 

200 

7.605 

November 

170 

6.464 

December 

180 

6.844 

TOTAL 

2,630 

100.000 

It  was  assvuned  that  the  afterbay  would  operate  between  W.S. 
elevations  I85  and  215  feet  with  an  active  capacity  of  37,000  acre-feet. 

The  gross  capacity  of  Monticello  Reservoir  would  be  such  that 
when  a  given  yield  is  to  be  developed,  the  required  amount  of  active 
reservoir  capacity  wo'old  be  provided  within  the  operating  limits  of  the 
pump-turbine  plant.   It  was  considered  that  the  pump-turbine  minimum 
operating  head  should  be  at  least  56  percent  of  its  maximum  operating 
head.  For  example,  Monticello  Reservoir  at  a  N.V7.S.  elevation  of  750 
feet  would  have  a  gross  capacity  of  13,300,000  acre-feet.  The  maximum 
pumping  head  would  be  56O  feet  and  the  minimum  permissible  head  would 
be  313  feet.  Thus  the  minimum  W.S.  elevation  is  established  at  5O5  feet, 
ajid  the  reservoir  would  have  an  active  capacity  of  10,000,000  acre  feet. 
As  shown  on  Chart  D,  the  project  yield  with  a  4,000  cfs  import  system  and 
10,000,000  acre-feet  of  active  storage  is  1,550,000  acre-feet  per  year. 
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The  operating  head  on  the  pumping  plant  was  reduced  by  I5  feet 
to  obtain  the  operating  head  on  the  reversible  units  when  generating. 

The  capacity  of  the  generating  units  could  not  be  so  great  that 
the  afterbay  could  not  store  the  piower  releases  made  during  on-peak  hours 
in  addition  to  the  water  imported  from  the  Sacramento  River  during  this 
period.   In  a  month  such  as  March,  power  generation  at  the  pump-turbine 
plant's  dependable  capacity,  would  be  sustained  during  9  hours  of  each 
weekday.   Surplus  Sacramento  River  water  would  be  puiaped  into  the  afterbay 
at  i^-jOOO  cfs,  2k   hours  per  day.   The  pump-turbine  plant  vrould  pump  water 
from  the  afterbay  into  Monticello  Reservoir  and  maintain  the  afterbay 
within  its  storage  limits,  on  the  following  off-peak  sched\ale: 

Monday  through  Friday         9  hours  per  day 

Saturday  15  hours 

Sunday  2k   hours 

It  was  found  that  the  afterbay  storage  requirement  could  also 
become  critical  during  the  month  of  August,  when  the  generating  units 
must  sustain  their  dependable  capacity  for  1^.8  hours  per  day.   The  after- 
bay  must  store  the  difference  between  the  quantities  of  inflow  due  to  the 
power  releases  from  Monticello  Reservoir  and  the  outflow  due  to  the  Delta 
demand.  Any  water  remaining  in  the  afterbay  during  off-peak  hours  which 
vra'old  not  be  needed  at  the  Delta  would  be  pumped  back  into  Monticello 
Reservoir. 

The  data  in  this  chart  also  indicate  the  annual  revenue  for 
the  sale  of  dependable  capacity  at  load  center. 

CHART  I:  Water  Yield-ELectrical  Energy  Relationship 

These  data  indicate  the  average  annual  energy  requirements  of 
the  reservoir  pumping  units  and  the  amount  of  energy'  recovered  annually 
by  the  reversible  units  when  the  project  is  sized  to  develop  a  given 
yield. 

The  amount  of  energy  generated  annually  was  computed  by  multi- 
plying the  dependable  capacity  (shown  on  Chart  H)  by  2,630  hours. 

In  connection  with  the  analysis  of  this  potential  pumped- 
storage  project,  reference  is  made  to  the  "Symposium  on  Pumped-Storage" 
published  in  the  July  I962  "Power  Division  Journal,  Proceedings  of  the 
American  Society  of  Civil  Engineers". 
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The  average  amount  of  energy  required  annually  for  pumping  was 
considered  to  be  I50  percent  of  that  generated,  plus  the  energy  require- 
ments of  pumping  the  water  imported  from  the  Sacramento  River  into  the 
reservoir.  The  average  annual  imjxjrt  would  be  the  average  annual  irri- 
gation release  as  shown  in  Chart  C,  plus  100,000  acre-feet. 

These  data  also  indicate  the  annual  value  of  the  energy  req\iired 
and  recovered  by  the  pump-turbine  plant  based  on  a  rate  of  3  mills  per  kwh. 
It  should  be  noted  that  the  value  of  pumping  energy  was  actually  considered 
to  be  3-3  mills  per  kwh  when  the  project  annual  costs  were  computed  and 
shown  in  the  concluding  charts  of  this  plate. 

CHART  J:  Pump- Turbine  Plant,  Cost-Capacity  Data 

The  data  shown  on  this  chart  indicate  the  total  cost  of  a  pump- 
turbine  plant  at  a  given  capacity  when  pumping  water  into  Monticello 
Reservoir  with  a  given  N.W.S.  elevation. 

A  typical  cost-capacity  curve  for  estimating  the  cost  of  large 
conventional  pumping  plants  was  prepared  by  the  North  Coastal  Area 
Investigations  Unit  in  August  I962.  The  data  were  based  on  costs  of 
existing  plants  such  as  at  Tracy  and  Grand  Coulee.  The  costs  of  the  basic 
plant  obtained  from  this  curve  were  increased  by  30  percent  to  reflect  the 
increased  cost  of  a  reversible  pump- turbine  plant. 

The  cost  of  the  electrical  substation  was  also  obtained  from 
data  which  were  assembled  by  this  unit  in  March  I961. 

The  estimated  cost  of  the  plant  discharge  pipes  was  based  on  an 
installed  cost  of  35  cents  per  pound.  The  weight  of  the  steel  pipes  was 
computed  with  consideration  given  to  the  number  of  pipes,  the  optimum 
diameter,  the  length,  emd  the  wall  thickness. 

CHART  K:  Sacramento  River  Pumping  Plant,  Yield-Cost  Relationship 

These  data  indicate  the  capital  and  average  annual  cost  of  the 
plant  which  would  pump  the  required  amount  of  \rater  through  the  ship- 
channel  siphon  ajid  into  the  Sacramento  River,  when  a  given  yield  is  to  be 
developed  at  the  Delta.  Actually,  there  is  very  little  difference  between 
the  elevations  of  the  water  surface  in  the  proposed  import-export  channel 
and   the  river  when  it  is  flowing  under  20,000  cfs.   It  was  assumed  in  this 
emalysis  that  the  toteil  dynamic  head  on  the  pimping  plant  would  be  15  feet 
at  all  times,  and  the  plant  would  be  sized  to  convey  the  July  delivery 
(15.8  percent  of  the  total  annual  yield)  against  this  head.  The  average 
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annual  electrical  energy  requirement  would  be  that  required  to  pump  the 
average  quantity  of  water  released  from  storage  annually,  as  shown  on 
Chart  C.  For  example,  with  a  firm  annual  yield  of  1,500,000  acre -feet 
developed  at  the  Delta,  the  plant  wo\ild  be  capable  of  pumping  3,900  cfs, 
it  would  have  an  installed  capacity  of  6,000  kilowatts  and  an  average 
annual  energy  requirement  of  18,900,000  kilowatt-hours. 

CHAi^TS  L  MID  M: 

These  data,  assembled  from  the  preceding  charts,  indicate  the 
capital  and  annual  cost  versus  annual  yield  relationship  of  the  total 
pumped- storage  project,  with  a  ^+,000  cfs  import  system  from  the  Sacramento 
River.   These  data  do  not  include  any  costs  associated  with  filling  the 
reservoir,  initially. 

CHAET  N: 

This  information  summarizes  the  estimated  capitalized  cost  of 
filling  the  enlarged  reservoir  initially  to  a  safe  operating  level  with 
a  l<-,000  cfs  import  system  from  the  Sacramento  River. 

It  is  not  likely  that  the  full  yield  capability  would  be  re- 
quired from  this  project  immediately  upon  construction.  However,  in  order 
to  compare  this  project  with  alternative  projects  on  an  equal  basis,  some 
allowance  must  be  made  for  the  fact  that  several  years  of  operation  may 
be  required  before  the  full  yield  could  be  developed  with  a  reasonable 
degree  of  assurance. 

A  study  of  the  Delta  surpluses  with  1990  conditions  indicated 
that  for  the  years  corresponding  to  1922-^4-1,  the  average  import  when 
filling  the  reservoir,  initially,  from  the  Sacramento  River  would  be  ap- 
proximately 950jOOO  acre-feet  per  year.   The  50-year  mean  annual  runoff 
of  Putah  Creek  at  Monticello  Dam  is  3^4-^,000  acre-feet. 

It  is  difficult  to  define  the  term  "initial  safe  operating 
level"  since  it  varies  with  the  degree  of  risk  that  one  is  willing  to 
assume.   This  could  be  a  critical  decision,  however,  since  the  annual 
interest  on  a  capital  investment  of  $300,000,000  is  approximately 
.$12,000,000. 

The  data  on  Chart  H  and  in  the  table  listed  below  are  based 
upon  the  following  criteria: 

A.   The  Solano  Project  delivery  of  2^+7,000  acre-feet 
per  year  would  be  sustained  throughout  the  filling  period. 

-212- 


B.  The  existing  reservoir  would  contain  1,000,000 
acre-feet  of  water  at  the  beginning  of  the  filling  period. 

C.  The  mean  evaporation  rate  would  be  3  feet  per  year. 

D.  The  power  recovery  facilities  v/ould  begin  recycling 
water  and  develop  full  dependable  cai)acity  when  the  enlarged 
reservoir  fills  to  its  minimum  pool  level. 


:    Initial  Safe 

Total 

Yield 

.   Dead  Storage 

Filling  Period 

:   Oper.   Level 
:    (1,000  A.F.) 

Filling  Period 

(1,000  A.F.) 

.    (1,000  A.F.) 

(Years) 

(Years) 

1+50 

300 

0 

1,000 

0 

1,000 

l,»4-00 

.5 

3,000 

2 

1,500 

2,600 

1.6 

i<-,000 

3 

1,650 

3,300 

2.5 

5,000 

k.2 

l,6i+0 

3,900 

3.0 

6,000 

5.25 

CiiART  0: 

These  data,  which  were  developed  from  Charts  M  and   H,  indicate 
the  annual  unit  cost  of  new  yield  developed  at  the  Delta  from  the  Monticello 
Pumped  Storage  Project. 

SUI-g'lARY 

On  the  basis  of  this  reconnaisssince  analysis,  it  is  quite 
apparent  that  a  "Greater  Berzyessa"  Project  exhibits  considerable  economic 
potential  as  a  future  major  \ra.ter  conservation  project  in  Northern 
California.   It  is  recommended  that  consideration  be  given  to  more  in- 
tensive study  of  this  project  possibility  when  staff  time  and  funds  permit 
under  our  forthcoming  North  Coasteil  projects  investigation. 
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CHART  E 

COST-CAPACITY  DATA 

MONTICELLO    RESERVOIR    (ENLARGED) 
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PLATE  8 

CLEAR  CREEK  EXPORT  CONVEYANCES  FACILITIES 

Diversion  from  the  Trinity  River 

Plate  8  presents  physical  data  and  the  approximate  cost  of  the 
conveyance  facilities  which  could  be  used  to  export  water  from  the 
Trinity  River  Basin  via  Clear  Creek  to  Iron  Canyon  Reservoir  at  an 
elevation  of  i+OO  feet. 

Studies  were  made  for  exports  of  500,000  acre-feet^  1,000,000 
acre-feet,  1,500,000  acre-feet,  2,000,000  acre-feet,  2,500,000  acre-feet, 
and  5,000,000  acre-feet. 

Three  methods  of  export  were  given  consideration  for  export  of 
Trinity  River  water  at  intake  elevations  of  1,500,  1,550,  1,600,  and 
1,650  feet  via  Clear  Creek  to  Iron  Canyon  Reservoir  at  elevation  1+00  feet. 
These  were:   (l)  by  use  of  the  smallest  possible  tunnel  from  the  Trinity 
River  to  Clear  Creek  and  diverting  at  a  uniform  rate,  with  continuous 
power  generation  at  Whiskeytown,  Kajiaka,  Saeltzer,  and  Girvan  Powerplants; 
(2)  by  use  of  a  tunnel  large  enough  to  peak  through,  with  a  power  drop 
into  '/^iskeyto'<m  Reservoir,  and  peaking  power  generation  at  VHiiskeytown, 
Kanaka,  Saeltzer,  and  Girvan  Powerpleints;  (3)  by  use  of  a  tunnel  large 
enough  for  the  average  monthly  power  flow  during  the  month  of  August 
(largest  month)  and  a  forebay  (Towerhouse  Resejrvoir)  at  the  tunnel  exit 
which  would  provide  the  necessary  storage  required  for  peaking  and  thus 
would  develop  the  full  power  potential  on  Clear  Creek.  The  conclusions 
were  that  the  first  method  would  reduce  the  yield  out  of  Iron  Canyon 
and  would  develop  only  uniform  power;  the  second  would  develop  the 
maximum  power  head,  but  would  require  a  very  expensive  tunnel  since  it 
would  be  oversized  for  peaking  capacity  and  slightly  longer  due  to  a 
lower  outlet  elevation.  The  third  method  would  have  a  smaller  diameter 
and  shorter  length  tunnel  than  the  second  method,  but  would  require 
Towerhouse  Reservoir  to  reregulate  the  Trinity  River  water  and  develop 
the  power  head.  Preliminary  studies  indicate  that  the  third  method 
would  be  the  more  economical;  therefore,  the  third  method  was  selected 
in  this  analysis  to  determine  the  optimum  size  tunnel  and  forebay  for 
the  various  Trinity  River  yields. 
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Description  of  Data 

CHART  A:  Clear  Creek  Tunnel  No,  2,  Diameter- Capacity  Data 

These  data  indicate  the  relationships  between  diameter  and 
annual  conveyance  capacity  for  the  Clear  Creek  Tunnel  No.  2,  which  would 
convey  water  from  Helena  Reservoir  to  Towerhouse  or  Vi'hiskeytown  Reser- 
voirs on  a  power  schedule.  The  tunnel  diameter  was  computed  on  the 
assumption  that  it  would  convey  12.928  percent  of  the  total  annual 
delivery  during  one  month  of  continuous  flow,  with  Helena  Reservoir  drawn 
do\m  to  the  tunnel  inlet.  Towerhouse  or  Whiskeytown  Reservoir,  as  the 
case  may  be,  would  provide  the  required  forebay  regulation  during  each 
week. 

The  sharp  breaks  in  the  four  curves  occur  at  the  amounts  of 
annual  delivery  that  make  the  Towerhouse  power  facilities  become  economi- 
cally feasible.  The  increase  in  diameter  is  due  to  the  decrease  in  head 
available  for  tunnel  flow  when  Towerhouse  Reservoir  is  constructed.  This 
break  would  occur  with  tunnel  intake  elevations  of  1,500,  1,550,  1,600, 
and  1,650  feet  at  export  yields  of  2,460,000,  1,130,000,  970,000,  and 
830,000  acre-feet  per  year,  respectively,  when  the  value  of  hydroelectric 
power  is  valued  as  indicated  on  Plate  8. 

CHART  B:  Clear  Creek  Tunnel  No.  2,  Cost-Capacity  Data 

The  sharp  breaks  in  the  four  curves  occur  when  it  would  be  more 
economical  to  use  Helena-Towerhouse  Tunnel,  Towerhouse  Reservoir,  and 
Towerhouse  Powerplant  rather  than  Just  the  Helena-Towerhouse  Tunnel.   The 
increase  in  cost  is  due  to  the  increase  in  diameter  necessary  because  of 
the  decrease  in  head  available  to  the  tunnel  flow.  This  break  occurs 
with  tunnel  intake  elevations  of  1,500,  1,550,  1,600,  and  1,650  at  export 
yields  of  2,1+60,000,  1,130,000,  970,000,  and  830,000  acre-feet  per  year, 
respectively. 

Costs  of  Clear  Creek  Tunnel  with  intake  elevations  of  1,500, 
1,550,  1,600,  and  1,650  and  outlet  elevation  of  1,350  were  taken  from  cost 
curves  prepared  by  the  Northern  Branch  Design  Unit  to  preliminary  standards. 
These  curves  were  extended  by  Trinity  River  division  planning  personnel 
for  tunnel  diameters  greater  than  25  feet. 

CHART  C:   Towerhouse  Reservoir  -  Optimum  Water  Surface 
Elevations  and  Forebay  Storage  Reqiurement 

Optimum  water  surface  elevations  of  Towerhouse  Reservoir  are 

shown  for  the  four  intake  elevations  at  various  export  yields.   In  these 
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reconnaissance  level  studies,  water  surface  eleA/ations  were  determined  to 
the  nearest  25-foot  levels,  and  at  export  yields  of  500,000;  1,000,000; 
1,500,000;  2,000,000:  2,500,000:  and  5,000,000  acre-feet  per  year. 

These  data,  together  with  the  data  in  Chart  D  indicate  the 
storage  required  to  store  the  inflow  during  the  5T-hour  weekend  period 
that  the  powerplant  would  be  shut  down.  These  data  are  based  upon  the 
inflow  conduit  having  a  capacity  equal  to  the  average  monthly  flow  of 
the  nonth  of  greatest  power  generation  which  is  August  and  would  amount 
to  12.928  percent  of  the  annual  flow.  This  means  that  the  tunnel  would 
have  a  capacity  approximately  50  percent  greater  than  that  required  for 
uniform  flow. 

CHART  D:  Towerhouse  Reservoir,  Slevation-Area-Capacity  Data 

The  area  was  planimetered  from  the  USGS  quadrangle  of  French 
Gulch,  scale  1:62,500^  with  a  contour  inverval  of  100  feet.   Capacity 
was  computed  by  the  average  end  area  method. 

CHART  E:  Towerhouse  Reservoir,  Cost -Capacity  Data 

The  capital  cost  of  Towerhouse  Dam  and  Reservoir  was  estimated 
by  the  Northern  Branch,  Design  Unit,  to  preliminary  standards  for  four 
sizes:  N.P.  elevation  1,350^  and  gross  capacity  of  29,000  acre-feet j 
N.P.  elevation  1,14-00,  and  gross  capacity  of  68,000  acre-feet;  N.P.  eleva- 
tion 1,500,  and  gross  capacity  of  210,000  acre-feet;  and  N.P.  elevation  '^ 
1,600,  and  gross  capacity  of  1+66,000  acre -feet. 

The  annual  cost  is  based  on  repayment  of  the  capital  cost  during 
a  50-year  repayment  period  with  interest  at  k   percent  compounded  annually 
and  includes  the  costs  of  operation,  maintenance  and  general  expense. 

CHART  F:  Net  Annual  Value  of  Towerhouse  Reservoir 
as  a  Forebay 

The  curves  which  show  the  annual  value  of  using  Towerhouse 

Reservoir  as  a  regulating  forebay  for  Trinity  River  export  water  instead 

of  the  existing  Whiskeytown  Reservoir,  indicate  that  with  the  Clear  Creek 

Tunnel  intake  elevation  at  1,500  feet,  Towerhouse  Reservoir  would  pay  off 

at  an  export  yield  of  2,14-60,000  acre-feet,  but  would  be  very  marginal 

through  a  yield  of  5,000,000  acre -feet.  For  intakes  of  1,550,  1,600,  and 

1,650,  Towerhouse  Reservoir  would  pay  off  at  export  yields  of  1,130,000; 

970,000;  and  830,000,  respectively. 
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The  annual  value  of  using  Towerhouse  Reservoir  instead  of 
Whiskeytown  Reservoir  as  a  forebay  for  Trinity  River  export  water  would 
be  the  sum  of  the  annual  power  revenue  at  Towerhouse  Powerplant,  and  the 
annual  loss  of  power  revenue  at  the  Whiskeytown  Powerplant  and  the  USBR's 
Spring  Creek  Powerplant,  minus  the  annual  cost  of  Towerhouse  Dam  and 
Powerplant,  and  the  difference  between  the  annual  cost  of  a  tunnel  to 
Towerhouse  Reservoir  and  a  tunnel  to  Whiskeytovm  Reservoir. 

The  power  revenue  loss  curve  indicates  the  annual  power  revenue 
loss  at  Whiskeytown  and  Spring  Creek  Powerplants  due  to  the  decrease  in 
operating  level  of  Whiskeytown  Reservoir  when  used  as  a  forebay  for  re- 
regulation  of  Trinity  River  export  water.  These  data  were  used  in  the 
computations  for  the  net  annual  value  curves  as  described  above. 

CHART  G:  Towerhouse  Power  Facilities,  Capital  Cost 
and  Dependable  Capacity  Data 

The  Towerhouse  Powerplant  was  economically  sized  for  annual 
yields  of  500,000,  1,000,000,  1,500,000,  2,000,000,  2,500,000,  and 
5,000,000  acre-feet  with  tunnel  intake  elevations  on  the  Trinity  River  of 
1,500,  1,550,  1,600,  and  1,650  feet.  This  size  takes  into  consideration 
Clear  Creek  Tunnel,  Towerhouse  Dam  and  Reservoir,  and  Towerhouse  Powerplant. 
Komial  pool  elevations  at  Towerhouse  Reservoir  were  studied  at  even  25- 
foot  intervals. 

Tlie  Towerhouse  power  facilities  would  not  be  used  until  export 
yields  of  2,i+60,000,  1,130,000,  970,000,  and  830,000  acre-feet  are 
reached  with  tunnel  intake  elevations  of  1,500,  1,550,  1,600,  and  1,650, 
respectively. 

The  powerplant  costs  for  each  of  the  yields  were  estimated  from 
curves  which  wore  derived  from  the  USBR's  "Series  I5O  Estimating 
Instructions".  The  capital  cost  of  the  substation,  penstocks,  trans- 
mission lines,  gates,  valves,  and  trashracks  are  also  included  in  these 
data. 

Dependable  capacities  were  estimated  by  the  formula:  KW  = 
.072  QJi  where  Q  would  be  the  flow  with  a  plant  capacity  factor  of  30  per- 
cent, and  H  is  the  minimum  head. 

CHART  H:  Towerhouse  Power  Facilities,  Annual 
Cost  and  Power  Revenue  Data 

Annual  cost  is  based  on  ^4-  percent  interest  with  a  50-year  re- 
payment period. 
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Operation,  inaintcnance,  and  general  expense  of  the  powerplant 
arc  oaced  on  tlie  installed  capacity  and  were  obtained  from  a  curve  dated 
liarch  10,  19^1,  whicli  vas  derived  from  co^its  obtained  from  F.P.C. 
Teciinical  Memorandum  Ko.  1. 

Included  with  the  ari^iual  cost  of  the  powerplant  are  the  annual 
cor.tc  of  a  substation,  penstocks,  transmission  lines,  gates,  valves,  and 
^rachracJis. 

Power  revenues  were  "cased  on  S22  per  liilowatt  of  dependaule 
capacity  and  j  mills  for  each  kilowatt  hour  of  avera{^c  annual  ener^^^ 
^;;er.eration. 

CHART  I :   Conveyance  Facilities,  Helena  Reservoir  to  'ATiiske^^own 
Reservoir,  Capital  Cost-Unit  Cost  or  Unit  Revenue- 
Capacity  Data 

Chart  I  presents  summations  of  the  capital  costs  ootained  from 

Charts  5,  E,  and  G;  and  surraations  of  the  annual  costs  obtained  from 

Charts  B,  E,  and  H,  minus  the  power  revenue  from  Chart  H  divided  by  the 

respective  export  yield,  .jiving  a  unit  cost  or  unit  revenue  as  th.e  case 

may  oe  for  the  conveyance  system  for  each  acre-foot  of  vrater  delivered 

armually  into  vrniske;'1;own  Reservoir. 

ChART  J:  Remaining  Clear  Creek  Power  Facilities,  VJhiskeytown, 
Kanaka,  Saeltzer,  and  Girvan,  Capital  Cost  and 
Dependable  Capacity  Data 

VHiiskeytown  Reservoir  is  an  existing  feature  of  the  USSR's 
Central  Valley  Project,  no  charge  was  included  for  that  reservoir;  I^anaka 
Dam  and  Reservoir  was  estimated  by  the  Design  Unit  for  a  normal  pool 
elevation  of  950  feet  v;ith  a  resultant  capital  cost  of  $U, 336,000; 
Saeltzer  Darn  and  Reservoir  was  estiraated  by  the  Design  Unit  for  a  normal 
pool  elevation  of  TOO  feet,  ;>n.th  a  resultant  capital  cost  of  approximately 
;pll,700,000;  cost  of  Girvan  Dam  and  Reservoir  \7as  estimated  by  the  Design 
Unit  for  a  normal  pool  elevation  of  500  feet,  with  a  resultant  capital 
cost  of  approximately  $6,500,000;  Girvan  Tailrace  Channel  v/as  estimated 
by  the  personnel  of  the  Trinity  River  Division  from  cost  of  Saeltzer 
Tailrace  Channel  received  from  the  Design  Unit. 

In  the  studies  of  Whiskeytown,  Kanaka,  Saeltzer,  and  Girvan 
Powerplants,  the  following  criteria  were  used.  It  was  considered  that  no 
irrigation  water  would  be  developed  in  \fniskeytown  Reservoir  and  that  the 
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minimuin  pool  elevation  used  for  power  generation  would  be  1,197  feet. 
Kanaka  Reservoir's  normal  pool  elevation  would  be  set  at  the  streambed 
elevation  of  Whiskeytown  Dam  (95O  feet)  for  all  export  yields,  in  order 
to  develop  the  maximum  powerhead  available  at  I^anaka  Powerplant.   It  was 
considered  that  Saeltzer  Reservoir's  normal  pool  elevation  would  be  set 
at  the  streambed  elevation  of  Kanaka  Dam  (7OO  feet),  and  that  the  tailrace 
of  Saeltzer  Powerplant  vrould  be  excavated  to  an  elevation  of  5OO  feet 
from  streambed  elevation  of  553  feet.  It  \ra.s  considered  that  the  normal 
pool  elevation  of  Girvan  Reservoir  would  be  5OO  feet,  and  the  Girvan 
Powerhouse  tailrace  channel  would  be  excavated  to  an  elevation  of  385  feet, 
producing  a  maximum  head  of  (500-385)  115  feet.  The  normal  pool  elevation 
of  Iron  Canyon  Reservoir  would  be  i+00  feet  and  the  minimum  head  on  Giirvan 
Powerplant  would  be  (500-^4-00)  100  feet.  Kanaka  and  Saeltzer  Powerplants 
would  operate  under  constant  head  while  VHiiskeytovm  and  Girvan  Power- 
plants  would  have  a  slight  head  variation. 

An  analysis  of  the  Clear  Creek  Export  System  below  Towerhouse 
Powerplant  and  including  ^ftiiskeytown  Powerplant;  Kanaka  Dam  and  Power- 
plant;  Saeltzer  Dam  and  Powerplant;  and  Girvan  Dam,  Powerplant,  and 
Tailrace  Chajinel,  indicated  that  at  an  export  yield  of  500,000  acre-feet 
per  year,  it  would  be  economical  to  build  Whiskeytown  Powerplant;  Kanaka 
Dam  and  Powei^ant,  and  Girvan  Reservoir  to  act  as  an  afterbay  for  re- 
regulation  of  the  power  flows.  The  analysis  at  an  export  yield  of 
1,000,000  acre-feet  per  year  and  any  greater  yield  indicated  that  it 
would  be  economiceLl  to  build  VThiskeytown  Powerplant;  Kanaka  Dam  and 
Powerplant;  Saeltzer  Dam  and  Powerplant;  and  Girvan  Dam,  Powerplant,  and 
Tailrace  Channel.  These  studies  also  showed  that  it  would  be  economical 
to  constrxict  Saeltzer  Dam  and  Powerplant  when  the  export  yield  would  be 
617,000  acre-feet  per  year  or  greater,  and  that  Girvan  Powerplant  and 
Tailrace  Channel  should  be  constructed  when  the  export  yield  would  exceed 
73l+,000  acre-feet  per  year. 

Dependable  capacities  at  Whiskeytown,  Kanaka,  Saeltzer,  and 
Girvan  Powerplants  were  estimated  by  the  formula:  KV/  =  .O72  QH,  where  Q 
is  the  peak  Q  with  0.3  load  factor,  and  H  is  the  minimum  head. 

CHART  K:  Remaining  Clear  Creek  Power  Facilities,  Whiskeytown,  Kanaka 
Saeltzer,  and  Girvan,  Annual  Cost  and  Power  Revenue  Data 

Annual  cost  is  based  on  k   percent  interest  with  a  50-year  re- 
payment period. 
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Operation,  maintenance,  and  general  expense  of  the  powerplants 
are  based  on  the  installed  capacity  and  were  obtained  from  the  curve 
dated  March  10,  I96I,  "Power  Plants  Annual  Operation,  Maintenance,  and 
General  Expense  Costs" . 

In  addition  to  annual  costs  of  powerplants,  the  annual  costs  of 
substations,  penstocks,  transmission  lines,  gates,  valves,  sjid  trashracks 
are  included  in  these  data. 

Power  revenue  is  based  on  $22  per  kilowatt  of  dependable 
cajjacity,  and  3  nuHs  for  each  kilowatt  hour  of  energy  generation. 

CHART  L:  Clear  Creek  Export  Route,  Helena  Reservoir  to  Iron 
Canyon  Reservoir,  Summary  of  Capital  Cost  and 
Dependable  Capacity  Data 

Chart  L  is  merely  a  summation  of  Charts  I  and  J  for  capital 

cost  data,  and  a  summation  of  Charts  G  and  J  for  dependable  capacity 

data. 

CHART  M:  Clear  Creek  Export  Route,  Helena  Reservoir  to  Iron 
Canyon  Reservoir,  Summary  of  Annual  Cost  and 
Power  Revenue  Data 

Chart  M  is  a  summation  of  suinual  cost  data  found  on  Charts  B, 

E,  H,  and  K;  and  a  summation  of  power  revenue  data  found  on  Charts  H  and  K. 

CHART  N:  Clear  Creek  Export  Route,  Helena  Reservoir 
to  Iron  Canyon  Reservoir,  Annual  Unit 
Cost  or  Revenue  of  Export  System 

Chart  N  is  a  numerical  summation  of  the  annual  costs  of  the 

facilities  comprising  the  export  system  from  Helena  Reservoir  to  Iron 

Canyon  Reservoir  and  the  power  revenue  from  the  powerplants  in  the  system 

divided  by  the  respective  export  yield  giving  a  unit  cost  or  unit  revenue 

as  the  case  may  be. 
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PLATE  8k 

COTTONWOOD  CREEK  EXPORT  CONVEYANCES  FACILITIES 

Diversion  from  the  Trinity  River 

Plate  8A  presents  data  pertaining  to  the  physical  dimensions 
and  the  approximate  cost  of  the  conveyance  facilities  used  to  export 
water  from  the  Trinity  River  Basin,  with  the  Cottonwood  Creek  Tunnel  in- 
take elevation  at  1,500  feet,  via  Cottonwood  Creek  to  Fiddlers  Reservoir 
with  a  N.V/.S.  elevation  of  1,000  feet. 

Studies  were  made  for  export  yields  of  500,000  acre-feet, 
1,000,000  acre-feet,  1,500,000  acre-feet,  2,000,000  acre-feet,  2,500,000 
acre-feet,  and  5,000,000  acre-feet. 

Two  methods  were  given  consideration  for  export  of  Trinity  River 
water  vdth  the  export  tunnel  intake  elevation  at  1,500  feet  to  Cottonwood 
Creek:   (l)  the  smallest  tunnel  possible  would  be  used  to  divert  the  flow 
but  develop  no  power,  and  (2)  a  larger  tiinnel  and  a  forebay  reservoir 
would  be  used  to  reregulate  a  uniform  inflow  for  peak  power  generation. 
The  first  method  would  require  a  tunnel  of  smaller  diameter  but  of  greater 
length  due  to  a  lower  outlet  elevation.  Both  methods  were  studied  for 
various  yields  and  tunnel  outlet  elevations. 

Description  of  Data 

CHART  A:  Cottonwood  Creek  Tunnel  -  Diameter,  Capacity  and  Cost  Data 

Cottonwood  C:-eek  Tunnel  would  convey  a  ^oniform  flow  when  export- 
ing yields  less  than  approximately  2.5  million  acre-feet.  For  greater 
yields  the  tunnel  would  be  oversized  in  the  same  manner  that  the  Helena- 
Tovzerhouse  Tunnel  was  sized  in  previous  studies.  That  is,  the  tunnel 
would  be  sized  to  deliver,  at  a  uniform  rate,  the  amount  of  water  required 
for  on-peak  power  generation  at  Selvester  Powerhouse  during  the  month  of 
August.   This  flow  for  the  month  of  August  wo\J.d  be  12.926  percent  of  the 
yearly  flow.  The  tunnel  capacity  would  be  approximately  1.5  times  that 
required  for  uniform  flow  throughout  the  year.  Selvester  Reservoir  would 
have  sufficient  storage  to  reregulate  a  uniform  inflow  to  a  peaking 
power  schedule  when  the  Einnual  yield  from  the  Trinity  River  Development 
is  less  than  2.5  million  acre-feet. 

The  sharp  break  in  the  tunnel  diameter  curve  at  an  export  yield 
of  700,000  acre-feet  per  year  is  that  point  where  it  would  be  more 
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economical  to  build  the  Cottonwood  Creek  Tunnel,  Selvester  Reservoir  and 
oclvester  Powerplant  rather  than  just  Cottonwood  Creek  TuTJnel  with  no 
power  facilities.  The  increase  in  diameter  is  due  to  the  decrease  in 
head  available  for  tunnel  flow. 

Costs  of  Cottonwood  Creek  Tunnel  with  intake  elevation  of 
l,pOO  feet  were  taken  from  cost  curve  furnished  by  the  Design  Unit  to 
preliminary  standards  entitled  "Cottonwood  Creek  Tunnel  Capital  Cost 
Curve"  April  I962.  This  curve  was  extended  for  tunnel  diameters  greater 
than  25  feet. 

The  sharp  break  occurs  in  the  capital  cost  curve  at  an  export 
yield  of  700,000  acre-feet  per  year.   Beyond  this  point  it  would  be  more 
economical  to  construct  Cottonwood  Creek  Tunnel,  Selvester  Reservoir,  and 
Selvester  Powerplant  rather  than  just  Cottonwood  Creek  Tunnel  and  no 
pov/er  facilities.   The  construction  of  Selvester  Dam  wo\ild  decrease  the 
head  available  to  t'onnel  flovf  thereby  increasing  the  required  diameter 
and  increasing  the  cost  of  the  tunnel. 

Annual  cost  of  the  tunnel  was  estimated  as  ^-705  percent  of 
the  capitSLl  cost  of  the  tunnel. 

CHART  B:   Selvester  Reservoir  -  Optimum  Water  Surface  Elevations 

Optimum  water  surface  elevations  of  Selvester  Reservoir  are 
shown  for  export  yields  of  500,000:  1,000,000;  1,500,000;  2,000,000; 
2,500,000;  and  5,000,000  acre- feet  per  year.   This  curve  shows  that 
Selvester  Reservoir  would  not  be  used  until  an  export  yield  of  approxi- 
mately 700,000  acre-feet  per  year  is  reached.   The  reservoir  for  yields 
of  700,000;  1,000,000:  1,500,000;  2,000,000;  and  2,500,000  would  operate 
on  a  Q  H  basis;  for  a  yield  of  5>000^000  acre-feet  per  year  Selvester 
Reservoir  would  act  as  a  forebay  reservoir  and  regulates  the  uniform 
power  flow  to  a  peaking  power  flow  which  would  require  approximately 
50,000  acre-feet  of  active  storage. 

The  water  surface  elevations  of  Selvester  Reservoir  were 
studied  only  at  even  25-foot  intervals.   The  optimujn  water  surface  ele- 
vations were  plotted  for  yields  of  700,000;  1,000,000;  1,500,000; 
2,000,000;  2,500,000;  and  5,000,000  acre-feet  per  year  and  straight  lines 
drawn  between  the  plotted  points. 
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CHART  C:  Selvester  Reservoir  -  ELevation,  Area,  Capacity  Data 

The  reservoir  area  was  planimetered  from  the  USGS  quadrangles 
of  Chanchelxolla  Peak  scale  1:62,500;  contour  interval  of  100  feet,  and 
Ono  scale  1:62,500;  contour  interval  of  50  feet.  The  reservoir  capacity 
was  computed  by  the  average  end  area  method. 

CHART  D:  Selvester  Reservoir  -  Cost,  Capacity  Data 

The  capital  cost  of  Selvester  Dam  and  Reservoir  ^■ms   estimated, 
by  the  Northern  Branch  Design  Unit,  to  prelininar;'  stsuidards  for  three 
sizes:  normal  water  surface  elevation  1,300  feet,  and  gross  storage 
capacity  of  137^000  acre  feet;  normal  water  sixrface  elevation  1,^00  feet, 
ajid  gross  storage  capacity  of  351^000  acre-feet;  and  normal  water  surface 
elevation  1,500  feet,  and  gross  storage  capacity  of  630,000  acre-feet. 
A  curve  of  these  three  points  was  then  drawn  in  January  I96I  and  entitled 
"Selvester  Cost  Curve". 

The  annual  cost  is  based  on  a  four  percent  interest  rate  with 
a  50-year  repayment  period.  Operation,  maintenance,  and  general  expense 
of  the  reservoir  is  based  on  the  gross  storage  capacity  as  set  up  in  the 
planning  memorandum  of  March  lo,  I96I,  "Schedule  of  Annual  Costs". 

CHART  E:  Selvester  Power  Facilities  -  Capital  Cost  and  Dependable 
Capacity  Data 

Selvester  Powerplant  was  economically  sized  for  yields  of 
500,000;  1,000,000;  1,500,000;  2,000,000;  2,500,000;  and  5,000,000  acre- 
feet  per  year  with  tunnel  intake  elevation  on  the  Trinity  River  of  1,500 
feet.  This  size  takes  into  consideration  Cottonwood  Creek  Tunnel, 
Selvester  Dajn  and  Reservoir,  and  Selvester  Powerplant.  Normal  pool  ele- 
vations at  Selvester  Reservoir  were  studied  at  even  25-foot  intervals. 

Selvester  Powerplant  would  not  be  built  until  the  export  yield 
was  700,000  acre-feet  per  year  or  greater.  For  yields  of  700,000, 
1,000,000;  1,500,000;  2,000,000;  and  2,500,000  acre-feet  per  year 
Selvester  Powerplant  would  operate  on  a  "Constant  Q  H"  basis;  that  is, 
as  the  reservoir  level  rises,  the  release  would  decrease  and  vice  versa 
so  that  the  product  of  the  flow  and  the  head  are  always  constant.  For 
a  yield  of  5,000,000  acre-feet  per  year,  the  reservoir  would  not  be  large 
enough  to  operate  on  the  one-year  carry-over  basis  as  would  be  the  case 
with  export  yields  up  to  2,500,000  acre-feet  per  year  with  the  larger 
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yields  the  reservoir  would  operate  in  a  manner  similar  to  the  proposed 
Towerhouse  Reservoir;  that  is,  by  operating  on  a  weekly  basis  it  would 
provide  sufficient  storage  to  reregulate  the  inflow  on  a  uniform  power 
schedule  and  make  releases  on  a  peaking  power  schedule  for  5>000^000  acre- 
feet  per  year.  This  amounts  to  50>000  acre-feet  of  storage.  With  an 
export  yield  of  5,000,000  acre-feet  per  year,  Cottonwood  Creek  Tunnel 
would  be  sized  to  carry  the  power  flow  required  for  the  month  of  Augustj 
this  means  that  Cottonwood  Creek  Tunnel  would  be  sized  to  carry  about 
50  percent  more  water  than  if  it  were  sized  for  uniform  flow. 

The  power  plant  costs  for  each  of  the  yields  were  estimated 
from  curves  dated  February  28,  I96I,  which  were  derived  from  the  USBR's 
"Series  I50  Estimating  Instructions".   In  addition  to  the  capital  cost 
of  the  powerplant,  the  capital  costs  of  substations,  penstocks,  trans- 
mission lines,  gates,  valves,  and  trashracks  are  included. 

Dependable  capacities  were  estimated  for  yields  of  500,000; 

1,000,000;  1,500,000;  2,000,000;  and  2,500,000  acre-feet  per  year, 

asswfiing  a  constant  Q  H,  where  kw  =  .O72  Q  H  and  Q  is  in  cfs  with  load 

factors  of  .3  and  H  is  in  feet.   For  a  yield  of  5,000,000  acre-feet  per 

year  the  dependable  capacities  were  estimated  by  the  formula  kw  =  .072 

Q  H  where  Q  is  the  peak  Q  with  a  .3  load  factor,  and  H  is  the  minimum 

head. 

CHART  F:  Selvester  Power  Facilities  -  Annual  Cost 
and  Power  Revenue  Data 

Annual  cost  is  based  on  four  percent  interest  with  a  50-year 
repayment  period. 

Operation,  inaintenance,  and  general  expense  of  the  powerplant 
are  based  on  the  installed  capacity  and  v/ere  obtained  from  the  curve 
dated  Inarch  10,  I96I,  "Powerplants  Annual  Operation,  I«1aintenance,  and 
General  Expense  Costs" . 

The  annual  cost  of  powerplant  includes  the  annual  costs  of  sub- 
stations, penstocks,  transmission  lines,  gates,  valves,  and  trashracks. 

Annual  power  revenue  is  based  on  a  unit  value  of  $22  per  kilowatt 
of  dependable  capacity,  and  three  mills  for  each  kilowatt  hour  of  average 
annual  energy  generation. 

Net  annual  power  revenue  is  the  difference  between  the  annual 
power  revenue,  and  the  annual  cost  of  the  powerplant. 
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CliAi<T  G:  Cottonwood  Creek  Export  Route  -  Capital  Cost, 
Annual  Cost,  Pov;er  Revenue,  Capacity  Data 

Chart  G  is  a  s-oirmiation  of  the  capital  costs  from  Chart  A,  D, 

and  E;  a  summation  of  annual  costs  from  Chart  A,  D,  and  F;   annual  power 

revenue  from  Chart  F;  and  a  numerical  summation  of  power  revenue  and 

annual  cost  to  give  a  net  annual  cost  or  net  annual  revenue  curve. 

CHART  H:  Cottonwood  Creek  Export  Route,  Helena  Reservoir 

to  Fiddlers  Rt':servoir,  Annual  Unit  Cost  or  Revenue 

Chart  H  is  a  numerical  summation  of  the  annual  cost  of  the  faci- 
lities comprising  the  export  conveyance  system  from  Helena  Reservoir  on 
the  Trinity  River  to  Fiddlers  Reservoir  on  Cottonwood  Creek  and  the 
power  revenue  from  the  powerplant  in  the  system  divided  by  the  respective 
export  yield  giving  a  unit  cost  or  unit  revenue  as  the  case  may  be. 
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PLATE  9 

INITIAL  TRINITY  RIVER  CONSERVATION  FEATURE 

Helena  Reservoir 


Plate  9  presents  the  physical  data  and  the  approximate  cost  of 
the  first  stage  of  water  development  in  the  Trinity  River  Basin.  Studies 
were  made  for  power  schedule  and  uniform  schedule  releases  from  Helena 
Reservoir  with  minimum  pool  elevations  of  1,500,  1,550,  1,600,  and  1,650 
feet. 

Description  of  Individual  Charts 

CHART  A:  Helena  Reservoir  -  Elevation,  Area,  and  Capacity  Data 

This  chart  is  self-explanatory  and  requires  no  further  discussion. 

CHART  B:   Helena  Reservoir  -  Yield  and  Capacity  Data 

Chart  B  gives  the  annual  yield  of  Helena  Reservoir  for  various 
active  storages.   Critical  periods  are  shown  on  the  curves. 

CHART_C:   Helena  Reservoir  -  Cost  and  Capacity  Data 

This  chart  is  self-explanatory  and  requires  no  further  discussion. 

CHART  D:  Helena  Reservoir  -  Yield  vs.  Normal  Water  Surface  Elevation 

Chart  D  is  a  combination  of  information  found  on  Charts  A  and  B 
into  a  more  usable  form.   Chart  D  provides  the  annual  export  yield  availa- 
ble from  Helena  Reservoir  for  any  given  normal  pool  elevation.  This  yield 
may  be  on  a  power  schedule  or  uniform  sched\ile,  and  minimum  pool  elevations 
of  Helena  Reservoir  were  1,500,  1,550,  1,600,  or  1,650  feet. 

CHART  £:  Helena  Reservoir  -  Capital  Cost,  Annual  Cost,  and  Yield  Data 
Chart  E  is  a  combination  of  information  found  on  Charts  A,  C, 
and  D  into  a  more  usable  form.   Chart  E  provides  the  capital  and  annual 
costs  of  Helena  Reservoir  for  various  annual  yields.  This  yield  is  on  a 
power  schedule,  and  minimum  pool  elevations  of  Helena  Reservoir  were  1,500, 
1,550,  1,600,  and  1,650  feet. 

CHART  F:  Helena  Reservoir  -  Capital  Cost,  Annual  Cost,  and  Yield  Data 

Chart  F  is  the  same  as  Chart  E  only  the  yield  from  Helena 
Reservoir  is  on  a  uniform  schedule. 
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CliAl^T  G:  Helena  Reservoir  -  Unit  Cost  vs.  Yield 

Chart  G  is  merely  the  annual  costs  found  on  Chart  E  divided  by 
the  respective  reservoir  annual  yields  which  gives  the  annual  unit  cost 
and  is  plotted  against  the  respective  reservoir  annual  yields.   Helena 
Reservoir  yield  is  on  a  power  schedule  and  minimum  pool  elevations  were 
1,500,  1,550,  1,600,  and  1,650  feet. 

CHART_K:   Helena  Reservoir  -  Unit  Cost  vs.  Yield 

Chart  H  is  the  same  as  Chart  G,  only  the  yield  of  Helena 
Reservoir  is  on  a  -oniforrn  schedule,  and  data  is  oDtained  from  Chart  F. 

CHART  I :   Helena  Reservoir  -  Storage  Requirement  and  Yield 
Depletion  vs.  Anniial  Quantity  of  Pumped  Uater 

Chart  I  gives  the  storage  requirement  and  yield  depletion  in 

Helena  Reservoir  for  future  v/ater  from  the  Trinity  and  Klamath  Rivers 

that  v/ill  be  puiiiped  into  Helena  Reservoir  on  an  "off-peak"  schedule  and 

released  on  an  "on-peak"  schedule  for  power  generation. 
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DEPARTMENT    OF    WATER    RESOURCES 
NORTH    COASTAL  AREA    INVESTIGATION 

TRINITY    RIVER    DIVISION 

INITIAL  TRINITY  RIVER 
CONSERVATION  FEATURE 

RECONNAISSANCE   SUMMARY  OF  COSTS  FOR  DEVELOPMENT 
OF  NEW  EXPORTABLE  WATER   SUPPLIES 


I 


PLATE  lOA 
SOUTH  rOxii.  T.m^irf  GI^AVITY  PrlOJECT 


Plate  lOA  presents  the  physical  data  and  the  approximate  cost 
or  Ihc  South  Forii  of  the  Trinity  River  developcient,  by  gravity  diversion. 
Tids  development  could  follow  the  construction  of  Helena  Reservoir,  or  io 
ir.iiiht  be  ouilt  in  conjunction  with  Helena  Reservoir,  and  would  include 
illtapom  Dai.i  and  Reservoir,  and  the  Eltapom-Helena  Tunnel. 

Studies  were  made  for  power  schedule  and  uniform  schedule  re- 
leases from  Eltapom  Reservoir  with  miinimum  pool  elevations  in  Helena 
Reservoir  of  l,pOO,  l,p>0,  1,600,  and  1,6^0  feet. 

Costs  shown  on  this  plate  were  estimated  before  our  latest 
preliminary  geologic  investigation  of  the  ELtapora  daiasite  which  showed 
at  least  two  major  fault  zones  that  cross  the  dam  axis  under  tne  maximum 
fill  section  and  constitute  a  major  foundation  defect.  These  costs 
should  be  used  with  extreme  care  until  further  geologic  exploration  is 
accomplished  and  new  cost  estimates  made  available. 

Description  of  Individual  Charts 

CHART  A:  Eltapom  Reservoir  -  Elevation,  Area,  and  Capacity  Data 

Data  for  this  chart  were  derived  from  U3GS  manuscripts  with  a 
scale  of  1-inch  =  i^-OO  feet,  up  to  elevation  1,600,  then  from.  USGS  quad- 
rangles v;ith  a  scale  of  I:u2,p00.   Capacity  './as  computed  by  the  average- 
end  area  method. 

CHART  3:  Eltapom  Reservoir  -  Yield  and  Capacity  Data 

Chart  B  presents  the  annual  yield  of  Eltapom  Reservoir  for  power 
and  uniform  schedule  releases  for  various  active  storages.   Critical 
periods  for  reservoir  operation  are  shown  on  the  curves.  Yields  indicated 
are  in  excess  of  evaporation  and  fish  releases.   See  the  description  of 
Plate  lOB,  Chart  D  for  more  information. 

CHART  C:  Eltapom  Reservoir  -  Cost  and  Capacity  Data 

Chart  C  gives  the  capital  cost  of  Eltapom  Dam  and  Reservoir 

for  \'arious  gross  storages.  This  curve  was  made  from  cost  estimates 

which  were  made  by  the  Northern  Branch  Design  Unit. 

This  cost  curve  shoiiLd  be  used  with  some  reservation.  Since  this 

plate  \ms   printed,  additional  geologic  investigation  at  the  Eltapom  damsite 
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have  revealed  at  least  two  major  fault  zones  which  cross  the  darn  axis  under 
the  maximum  fill  section  and  constitute  a  major  foundation  defect.   Cost 
estimates  of  Eltapora  Dam  have  not  been  reviewed  by  the  Staff  Engineering 
Section  of  the  Division  of  Design  and  Construction^  and  may  be  altered 
a  great  deal  from  our  original  costs.  Until  f\irther  geologic  exploration 
is  accomplished  at  the  KLtapom  damsite,  good  cost  estimates  of  the  proposed 
Eltapom  Dam  cannot  be  made  available . 

CKAHT  D;  Eltapom  Reservoir  -  NormeQ.  V/ater  Surface 
Elevation  vs.  Yield  Data 

Chart  D  is  a  combination  of  information  found  on  Charts  A  and 

B  into  a  more  usable  fonn.   Chart  D  provides  the  annual  export  yield 

available  from  Eltapom  Reservoir  for  any  given  normal  pool  ele-vation. 

This  yield  can  be  on  a  power  or  uniform  schedule,  and  curves  are  dra\vn 

for  minimum  pool  elevations  in  Helena  Reservoir  of  1,500,  1,550,  1,600, 

and  1,650  feet. 

CHART  E:   Eltapom  Reservoir  -  Capital  Cost  and  Yield  Data 

Chart  E  is  a  combination  of  information  found  on  Charts  A,  C, 
and  D  into  a  more  usable  form.   Chart  E  provides  the  capital  costs  of 
Eltapom  Reservoir  for  various  annual  export  yields.  This  yield  is  on  a 
power  and  a  unifonn  schedule  and  curves  are  dra^m  for  minimum  pool  eleva- 
tions in  Helena  Reservoir  of  1,500,  1,550,  1,600,  and  1,650  feet. 

These  curves  should  be  used  with  extreme  care,  and  are  subject 
to  great  revision. 

CHART_F:   Eltapom-Helena  Tunnel  -  Cost  and  Diameter  Data 

Chart  F  is  a  plot  of  the  capital  cost  of  the  Eltapom-Helena 
Tunnel  vs.  the  diamieter  of  the  tunnel.   This  ciirve  was  drawn  from  cost 
estimates  made  for  10,  I5,  20,  and  25-foot  tiinnels,  by  the  Northern  Branch 
Design  Unit. 

CHART  G:   Eltapom-Helena  Tunnel,  Diameter  and  Yield  Data 

This  chart  shows  the  optimum  tunnel  diameters  for  any  yield 
between  300,000  and  Y^OjOOO  acre-feet,  for  four  minimum  pool  condition 
of  Helena,  1,500,  1,550,  1,600,  and  1,650  feet.  To  determine  the  proper 
tunnel  slope  it  was  necessary  to  consider  the  cost  of  both  the  tunnel 
and  Eltapom  Reservoir.   In  this  evaluation  it  was  found  that  the  tunnel 
slope  should  be  flatter  as  the  yield  increases.   This  is  because  the 
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reservoir  cost  becomes  increasingly  more  expensive  with  each  additional 
foot  of  height,  while  the  tunnel  becomes  more  expensive  for  a  larger 
bore  but  at  a  decreasing  rate. 

Although  tunnel  diameters  are  plotted  for  both  uniform  and 
power  schedule  yields,  it  is  not  likely  that  the  tunnel  would  have  to 
be  oversized  to  accommodate  vrater  on  the  power  schedule  since  Helena 
Reservoir  could  probably  provide  the  reregulatory  storage  required  to 
change  a  uniform  yield  to  a  power  yield. 

CHART  H:   Eltapora- Helena  Tunnel  -  Diameter  and  Yield  Data 

Chart  H  is  a  plot  of  the  increase  in  the  Eltapom-Helena  Tunnel 
diameter  due  to  annual  export  yield  from  the  Mad  and  Van  Duzen  Rivers. 
The  curves  are  plotted  for  a  uniform  and  a  power  scnedulc  release  from 
the  Mad  and  Van  Duzen  Rivers  System,  and  are  for  minimum  pool  elevations 
in  Helena  Reservoir  of  1,500,  1,550,  1,600,  and  I65O.  These  curves 
were  plotted  with  the  assumption  that  Eltapom  Reservoir  would  have  a 
normal  pool  elevation  of  l,8i+0  feet. 

The  Eltapom-Helena  Tunnel  was  sized  for  a  uniform  annual  flow. 

qiART  I:  Eltapom-Helena  Tunnel  -  Capital  Cost  and  Yield  Data 

Chart  I  is  the  combination  of  data  presented  in  Charts  F  and  G. 
Chart  I  is  a  plot  of  capital  cost  of  Eltapom-Helena  Tunnel  vs.  the  axinual 
export  yield.  This  export  yield  is  on  a  uniform  or  power  schedule  and 
curves  are  drawn  for  minimum  pool  elevations  in  Helena  Reservoir  of  1,500, 
1,5?0,  1,600,  and  1,650  feet. 

CHART  J:  Eltapom-Helena  Tunnel  -  Capital  Cost  and  Yield  Data 

Chart  J  is  a  plot  of  the  increase  in  the  Eltapom-Helena  Tunnel 
capital  cost  due  to  annual  export  yield  from  the  Mad  and  Van  Duzen  Rivers. 
The  curves  are  plotted  for  a  uniform  and  a  power  schedule  release  from  the 
Mad  and  Van  Duzen  Rivers  system,  and  are  for  minimum  pool  elevations  in 
Helena  Reservoir  of  1,500,  1,550,  1,600,  and  1,650  feet.  These  curves 
were  plotted  with  the  assumption  that  Eltapom  Reservoir  would  have  a 
normal  pool  elevation  of  1,8U0  feet. 

Chart  J  also  presents  the  approximate  increase  in  unit  cost  to 
size  the  Eltapom-Helena  Tunnel  to  carry  the  export  water  from  the  Kad  and 
Van  Duzen  Rivers  System. 
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CHART  K:   South  Fork  Trinity  River  Development  in  Helena 
Reservoir  -  Capital  Cost  and  Yield  Data 

Chart  K  is  a  combination  data  found  on  Charts  E  and  I  and  gives 
the  total  capital  cost  for  the  South  Fork  of  the  Trinity  River  Develop- 
ment in  Helena  Reservoir. 

CHART  L:   South  Fork  Trinity  River  Development  in  Helena 
Reservoir  -  Unit  Cost  and  Yield  Data 

Chart  L  is  a  combination  of  annual  cost  data  that  can  be  ob- 
tained from  Charts  E  and  I,  and  this  total  annual  cost  is  then  divided 
by  the  respective  annual  export  yield  from  Eltapom  Reservoir  to  give  a 
total  annual  unit  cost  of  South  Fork  Trinity  River  crater  in  Helena 
Reservoir,  which  is  plotted  against  the  respective  annual  export  yield. 
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NORMAL  WATER  SURFACE  ELEV.  YIELD  DATA 
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PLATE  lOU 
SOUTH  FORK  TRINITY  PUI-tt'  PROJECT 


General  Information 

The  purpose  of  this  plate  is  to  present  data  to  analyze  t.he 
South  Fork  Trinity  Pump  Project  and  compare  it  with  the  South  Fork 
Trinity  Gravity  Project,  as  a  second  increment  of  the  Trinity  River 
Development . 

The  pumping  plan  sho\>m  on  this  plate  consists  of  Eltapora 
Reservoir,  VJar  Cry  Tunnel,  Beartooth  Reservoir,  Tiev   River  Tunnel,  Burnt 
Ranch  Reservoir  and  Helena  Pumping  Plant. 

Eltapom  Reservoir  would  have  a  minimum  pool  elevation  of  about 
1,330  to  1,3^0  feet,  depending  upon  the  desired  yield.  Water  from  Eltapom 
Reservoir  would  be  carried  to  Burnt  Ranch  Reservoir  via  the  \var  Cry 
T^ormel.  This  tunnel  would  be  made  large  enough  to  carry  the  yield  of  the 
later  staged  I-iad-Van  Duzen  Project  also. 

Beartooth  Reservoir  would  have  two  functions;  first  to  divert 
Nev?  River  to  Burnt  Ranch,  and  second  to  provide  storage  for  fish  releases 
which  must  be"  made  do'v-m  New  River.  The  norroal  pool  elevation  of  Beartooth 
Reservoir  would  be  at  the  same  elevation  as  the  diversion  intake  and  would 
be  contingent  upon  the  normal  pool  of  Burnt  Ranch  Reservoir. 

The  capacity  of  the  Helena  Pumping  Plant  v/ould  be  based  on  heads 
resiilting  from  Helena  Reservoir  having  a  normal  pool  elevation  of  1,837 
feet,  a  minimum  pool  elevation  of  1,650  feet  and  an  average  water  surface 
elevation  of  1,777  feet.   If  the  desired  yield  of  Burnt  Ranch  is  increased, 
its  required  normal  pool  elevation  would  also  increase,  thereby  decreasing 
the  pumping  head.  However,  if  and  when  a  pumping  plant  is  needed  at 
Burnt  Ranch  Dam  for  future  stages,  a  higher  water  surface  in  Burnt  Ranch 
lieservoir  will  result  in  a  higher  lift  at  that  pumping  plant. 

Due  to  the  uncertain  geology  of  Eltapom  damsite  a  high  contin- 
gency factor  has  been  applied  to  it  for  high  dams.  This  has  made  the  cost 
of  '/rater   for  the  Gravity  Plan  higher,  thus  making  the  Pump  Plan  appear 
more  favorable . 

Operation  of  Beartooth  and  Burnt  Ranch  Reservoirs 

Beartooth  Dam  and  Reservoir  would  serve  to  divert  New  River 
flow  into  Burnt  Ranch  Reservoir  and  to  provide  water  for  fisheries 
below  Beartooth  and  Burnt  Ranch  Dams.  Only  flow  in  excess  of  I50  cfs 

-2U5- 


during  the  spawning  time  and  100  cfs  at  other  times  would  be  diverted  or 
stored.  Diversions  through  the  New  River  Tunnel  could  not  be  made  unless 
Jeartooth  Reservoir  is  full.  Fish  releases  made  during  the  summer  and 
oarly  fall  would  be  cold  due  to  the  depth  from  which  the  water  is  drawn. 
A  yield  study  based  upon  historical  runoff  indicated  that  dead  storage 
would  liave  been  reached  in  February  of  I92U. 

Burnt  Ranch  Reservoir  would  have  a  base  fish  release  of  50  cfSj 
but  would  release  more  much  of  the  time,  particularly  in  the  summer. 
These  flows  wo\ild  augment  the  natural  flow  below  both  dans  and  the  release 
or  spill  from  Beartooth  Reservoir  to  maintain  a  flow  on  the  Trinity  below 
New  River  of  200  cfs  during  the  spawning  time  and  I50  cfs  during  the 
remaining  time. 

The  minimum  pool  elevation  of  Burnt  Ranch  Reservoir  would  be 
1,285  feet,  the  same  as  streambed  elevation  at  Helena  damsite.  This 
would  make  the  depth  of  the  water  at  Burnt  Ranch  Dam  no  less  than  kl'^ 
feet.  Burnt  Ranch  Reservoir  would  provide  storage  for  the  incremental 
flow  below  Helena  Dam  and  for  water  diverted  from  New  River. 

Sizing  Burnt  Ranch  Reservoir 

To  determine  the  proper  size  for  Burnt  Ranch  Reservoir,  it  was 
necessary  to  evaluate  the  cost  of  the  pumping  at  Helena  and  Bui-nt  Ranch 
Daras,  as  well  as  the  cost  of  Burnt  Ranch  Reservoir  itself.  This  evalua- 
tion was  made  for  three  conditions;  South  Fork  Trinity  Project  yield  only, 
then  adding  the  yield  of  the  Mad- Van  Duzen  Project,  and  finally  adding 
6,000,000  acre-feet  which  would  be  pumped  annually  from  the  Klamath  River. 
Under  the  last  two  conditions  the  proper  size  Burnt  Ranch  Reservoir  would 
be  such  that  it  would  yield  200,000  acre -feet  annually,  with  New  River. 
In  the  plate's  concluding  summary  charts,  the  yields  reflect  200,000  acre- 
feet  from  Burnt  Ranch  Reservoir  and  the  remainder  from  Eltapora  Reservoir. 

In  order  to  limit  the  number  of  alternatives,  the  minimum  pool 
elevation  of  Helena  Reservoir  was  assumed  to  be  1,650  feet,  the  normal 
pool  elevation  1,837  feet  and  the  average  water  surface  elevation  1,777 
feet.  If  and  when  pumping  is  required  from  the  la-rer  Trinity,  it  was 
assumed  that  the  water  level  below  Burnt  Ranch  would  be  constant  at  87O 
feet  (ironside  Reservoir). 
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Description  of  Individual  Charts 

Ci^UTS  A,  J,   AIJD  C:  Area-Capacity  Curves  for  ZLtapou,  Burnt 
Ranch  and  Beartoooh  Reservoirs 

Data  for  Eltapom  Reservoir  were  derived  fron  USGS  manuscripts 
v;Ltli  a  scale  of  1:15, &iO,  up  zo   elevation  1,800,  then  fron  USGS  quad- 
rangles with  a  scale  of  l:6li,500  above  that. 

Data  for  Burnt  :\anch  Reservoir  were  derived  from  HVH  river 
c-M'W'.j   roaps,  scale  1-inch  -  liOO  feet,  up  to  elevation  1,^00,  then  from 
JoGS  quadrangles,  scale  1:6^,500,  above  l,p00. 

Data  for  Beartooth  .^,eservoir  v;ere  derived  from  USGS  quadrangles 
■..•ic:«  a  scale  of  1:62,500. 

CiK\r;T  D:  Yield-Capacity  Data  for  Hltapom  Reservoir 

This  curve  shows  the  amount  of  active  scora^e  needed  at  lUtapom 
Rcsci-voir  to  produce  a  desired  export  yield.  'The  yield  indicated  is  in 
e::cc3S  of  evaporation  and  releases  for  stream  mainter»ance .  The  evapora- 
>:ion  losses  were  based  on  a  rate  of  2.26  feet  per  year. 

Since  fish  flows  requirements  below  Zltapom  Da:n  are  quite 
l&rize   due  to  the  important  fishery  on  the  South  Fork  of  the  Trinity 
River,  some  study  and  research  were  deemed  necessary.  The  following  is 
a  suiunary  of  this: 

In  Bulletin  No.  2,  che  Department  of  Fish  and  Game  recommended 
1,000  cfs  for  October  through  March  ai)d  100  cfs  the  other  months..  The 
runoff  records  of  the  Salyer  gatje  indicate  that  flows  of  less  than  100 
cfs  rarely  occur  before  the  middle  of  Aujust,  and  in  some  years  the  flow 
is  (greater  than  100  cfs  throughout  the  year.  Tlierefore,  it  would  seem 
thao  100  cfs  is  insoTficient  to  maintain  the  present  trout  fisher;/. 

By  using  a  hatchery  below  7J.tapom  Dam  instead  of  releasing  the 
full  1,000  cfs  to  the  spasming  area  near  Salyer  some  v/ater  could  be 
saved. 

In  order  to  determine  the  amoimts  of  v;ater  which  would  be  re- 
leased to  meet  the  desired  schedule,  it  was  assumed  that  the  incremental 
runoff  oetween  Eltapom  and  Seilyer  gage  is  17-5  percent  of  the  total  flow 
at  L'loapom.  However,  even  vrhen  there  would  be  enough  incremental  water 
to   meet  the  schedule  at  Salyer,  some  water  would  be  released  from  storage 
in  order  to  assure  a  desirable  flov;  between  the  dam  and  Grouse  Creek  (the 
main  tributary  between  Eltapom  and  Salyer  gage),  and  to  operate  a  fish 

hatchery  below  the  dam. 
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;itapom  Creek  flows   into   tne  South  b'orK  Trinity   Rivor   Just 
Ln-'lov/  jillapom  dar.isitc.      The   flov  of  Eltapom  Creek  would  a.nount  to 
perhaps   ;--.u  percent  of   the   flow  into  Eltapom  Reservoir.      Although  this 
c-cci  t\  is   sraall,    it  would  reduce  the  amount   of  vratcr  released  from  the 
reGervoir,   partic-olarly  durin^;  the  winter. 

Following  is  a  chart   of  the  flows   which  were   considered  to  be 
rtvquired  in  the   South  Fork  of  the  Trinity  River  below  iitapora  Daiii  to 
saiisfy  fishery  requircnients. 


Month 


Required  flow 
at  Salyer  Gage 


cfs 


:1,000  AF 


Required  flow 

below 
Eltapom  Creek 


cfs 


1,000  AF 


Minimum  release 
from  Eltapom  Res. 


cfs 


1,000  AF 


Oct. 

200 

Nov. 

1+00 

Dec. 

uoo 

Jan. 

300 

Feb. 

300 

Mar. 

300 

Apr. 

150 

May 

150 

June 

150 

July 

150 

Aug. 

150 

Sept. 

150 

TOTAL 

12 

2k 

2k 

18 

18 

18 

9 

9 

9 

9 

9 

,9 

168 


150 
150 
150 
150 
150 
150 
100 
100 
100 
100 
100 
100 


9 
9 
9 
9 
9 
9 
6 
6 
6 
6 
6 
_6 
90 


50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
_3 
36 


CHART  E:  Yield- Capacity  Data  for  Burnt  Ranch  Reservoir 

In  this  chart,  the  yield- capacity  relationship  of  Burnt  Ranch 

Reservoir  is  shoim,  with  and  without  water  diverted  from  New  River. 

Vtater  from  New  River  would  be  diverted  at  Beartooth  Don  by  a 

direct  diversion  through  an  8-nile  tunnel.   Storage  at  Beartooth  would  be 

used  only  for  fish  releases. 
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An  economic  study  vas  made  to  select  the  projjcr  sizes  of 
Beartooth  Dam  and  New  River  Tunnel  for  various  sizes  of  Burnt  Ranch 
Reservoir. 

Yields  shown  would  be  in  excess  of  fish  requirements  and  eva- 
poration. The  evaporation  rate  was  considered  to  be  2.1*-0  feet  per  year. 

Following  is  a  table  showing  flows  required  from  Beartooth 
Reservoir  on  the  New  River  and  Burnt  Ranch  Reservoir  on  the  Trinity 
River  to  provide  for  fishery  requirement  on  the  Trinity  River  below 
the  confluence  with  the  New  River. 
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FISH  RELEASE  FROM  BEAJ^TOOTH  AM)  BURNT  RANCH  RESERVOIRS 
im^IMUM  FLOW  REQUIREMENTS 


Month 

1 

Below  Burnt 

Ranch  Dam 

2 

Below 

Beartooth 

3 
On  Trinity  R. 
below  New  R. 

cfs 

:  1 

,000  AF 

cfs 

■  1^ 

000  AF 

cfs 

1,000  AF 

Oct. 

50 

-3 

50 

3 

150 

9 

Nov. 

50 

3 

150 

9 

200 

12 

Dec. 

50 

3 

150 

9 

200 

12 

Jan. 

50 

3 

100 

6 

150 

9 

Feb. 

50 

3 

100 

6 

150 

9 

tor. 

50 

3 

100 

6 

150 

9 

Apr. 

50 

3 

100 

6 

150 

9 

May- 

50 

3 

100 

6 

150 

9 

June 

50 

3 

100 

6 

150 

9 

July 

50 

3 

50 

3 

150 

9 

Aug. 

50 

3 

50 

3 

150 

9 

Sept. 

50 

_3 

50 

_3 

150 

9 

TOTAL 

36 

66 

llU 

1.  Must  be  provided  londer  all  conditions. 

2.  Must  be  provided  as  long  as  there  is  active  storage  in  Beartooth 
Reservoir,  then  the  natural  inflow  must  be  released  until  inflow 
rate  exceeds  required  minimum  flow. 

3.  Is  provided  from  Beartooth  Reservoir  until  active  storage  is 
dejxLeted,  then  the  difference  between  the  natural  flow  at  Beartooth 
and  minimum  flow  required  below  New  River  is  supplied  from  Burnt 
Ranch. 

Note:  The  large  releases  in  the  fall  are  sometimes  made  earlier  or 
later  depending  on  nat\iral  runoff  patterns. 
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CILV-IT  f':  Capital  Cost  -  Gross  Storage  Data  for  r.l l,a poni , 
3urnt  Ranch  and  Bcartooth  Reservoirs 

ihe  cost  curves  for  llltapom  and  Burnt  .-tanch  Reservoirs  were 
;r.adc  by  the.   Ilorthern  Branch  Design  Unit  in  I963.  The  cost  curve  for 
Bcartooth  Reservoir  \ras   made  by  the  Planning  Section  using  very  rou^h 
c;sti.:iating  ;nethods. 

Tlic  cost  estiiTiates  of  Kltapom  Dara  and  Reservoir  include  an 
espocially  high  contingency  factor  due  to  the  uncertain  foundation  condi- 
tion. This  factor  greatly  increases  the  cost  of  a  hi^jh  dani  at  the  site. 

CIu"vl\T  G :  Unit  Cost  01  Active  Storage  in  ZLtapor.i  and 
Burnt  Ranch  Reservoirs 

The  dead  storage  level  in  Burnt  Ranch  Reservoir  was  considered 
fined  at  the  strcambed  ele\-ation  of  Helena  Daia,  of  1,26^  feet.   The  slope 
c."  zhc   l.'ar  Cry  Tunnel  would  govern  the  ninimui.i  pool  level  at  Eltapoin. 
This  slope  would  vary  slightly  with  different  yields  fror.i  iltapom;  there- 
fore, the  dead  storage  in  kltapom  v/ould  vary  from  120,000  to  11+0,000 
acre -feet. 

Cli/'.RT  H:   Size  and  Cost  of  IJew  River  and  VJar  Cry  T'unnels 

This  curve  shows  the  optimum  size  of  both  t-orinels  for  various 
yields,  and  also  the  capital  cost  for  various  diameters.   In  selecting 
the  optimurr.  tunnel  diameter,  consideration  v/as  given  to  the  cost  of  the 
tunnel  and  of  that  particular  reservoir  from  v;hicn  the  tunnel  would 
originate. 

The  cost  of  these  tunnels  are  based  on  estimates  made  by  the 
Trinity  River  planning  unit. 

CMRT  I:  Capital  and  Annual  Cost  of  Helena  Pumping  Plant 

This  curve  shows  the  capital  and  annual  cost  of  Helena  Pumping 
Plant  with  various  project  yields.   It  was  assumed  that  Helena  Reservoir 
would  have  a  normal  pool  elevation  of  1,637  feet,  a  minim-am  pool  eleva- 
tion of  1,650  feet  ajid  an  average  vrater  surface  elevation  of  1,777  feet. 
Burnt  Ranch  Reservoir  would  have  a  normal  pool  elevation  of  1,1+37  feet, 
a  luinimura  pool  elevation  of  1,285  feet  and  an  average  water  surface  ele- 
vation of  1,371  feet.  The  actual  design  head  vras  estimated  to  be  410 
feet . 
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CIlAi^TS  J  AInID  K:   Effects  of  Yield  Development  at  Burnt  Ranch 
Reservoir  on  Later  Staged  Pumping  Plants  on  the 
Trinity  River 

These  charts  show  the  changes  in  the  design  head,  the  annual 
energy-  requirement  and  the  annual  cost  of  pumping  plants  on  the  Trinity 
Kiver,  that  occur  when  operaoing  Burnt  Ranch  Reservoir  for  a  given  vrater 
yield.   It  was  presumed  that  Helena  Reservoir  v/ould  be  constructed  to  a 
normal  pool  elevation  of  1,637  feet  and  the  later  staged  Ironside 
Reservoir  woiild  have  a  constant  pool  elevation  of  87O  feet.  Any  change 
in  head  at  either  Helena  or  Burnt  Ranch  Pumping  Plant  would  be  the 
res-alt  of  a  change  in  v/ater  surface  elevation  in  Burnt  Ranch  Reservoir. 

As  the  desired  yield  of  Burnt  Ranch  Reservoir  increases,  the 
required  dam  height  increases,  so  also  would  the  water  surface  elevation. 
Tliis  in  turn  would  decrease^-  the  puiTiping  head  on  Helena  Pumping  Plant  cut 
would  increase  the  head  on  the  later  staged  Burnt  Ranch  Pumping  Plant. 
However,  Helena  would  alvrays  pump  more  water  than  Burnt  Ranch  Pumping 
Plant  and  the  annual  energy  consumption  would  decline  as  the  yield  and 
capacity  of  Burnt  Ranch  gets  larger.   The  annual  cost  would  also 
decrease,  but  only  up  to  yields  of  200,000  acre-feet  after  which  the 
annual  cost  wo'old  increase.   This  is  due  to  the  rapid  increase  in  the 
combined  design  head. 

estimates  of  annual  energy  and  annual  cost  are  oased  on  Burnt 
Ranch  Pumping  Plant  conveying  six  million  acre-feet  annually  and  Helena 
Pamping  Plant  conveying  7-2  r.dllion  acre-feet  annually.   Curve  B  on 
Chart  K  is  based  upon  the  Helena  Pumping  Plant  conveying  1.2  million 
acre-feet  per  year. 

CHART  L:   Optin'om  Minimum  and  Normal  V/ater  Surface  ii'levations 
Vs.  Yield  of  Burnt  Ranch  or  Eltapom  Reservoirs 

The  optimum  m.inimum  pool  elevation  of  Eltapom  Reservoir  was 
estimated  by  considering  various  slopes  of  V/ar  Cry  Tunnel  for  various 
yields.   The  lowest  combined  cost  for  each  yield  indicated  the  proper 
tunnel  slope  and  diameter,  and  the  proper  minimum  and  normal  pool  eleva- 
tions of  litapom,  for  that  particular  yield. 

Ttie  minimum  pool  elevation  of  Burnt  Ranch  Reservoir  would  be 
fixed  as  being  the  strearaoed  elevation  at  Helena  Dam.  The  noiraal  pool 
elevations  of  Burnt  Ranch  Reservoir  were  found  in  the  usual  fashion. 
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CllAHT  M:  Capital  Cost  ol'  V.'ater  Delivered  to  Helena  Reservoir 

This  chart  shov;s  how  much  capital  is  required  to  deliver  water 
to  Kelena  .Reservoir  from  various  combinations  of  Eltapom,  Beartooth  and 
3urnt  Ranch  Kescrvoirs. 

Curve  A  applies  to  water  from  Beartooth  and  Burnt  Ranch 
i-iescrvoirs  on  a  power  scncd-ole.   In  this  plan  New  River  vrater  wo'old  be 
stored  in  Burnt  Ranch  Reservoir. 

Curve  D   applies  to  waLer  from  Eltapom  Reservoir  only.   In  this 
plan  Burnt  Ranch  Reservoir  serves  only  as  a  conveyance  reservoir.  The 
yield  would  be  delivered  on  a  power  schedule. 

Curve  C  applies  to  water  from  all  three  reservoirs,  but  with 
the  yield  of  Burnt  Ranch  Reservoir  fixed  at  200,000  acre-feet.  V.'ater 
would  oe  delivered  on  a  unif onr.  scale . 

Curve  D  also  applies  to  vrater  from  Burnt  Ranch,  tltapom  and 
Beartooth  Resr.rvoirs  but  the  yield  would  be  on  a  power  schedule. 

CHART  il:  Unit  Cost  of  Water  Delivered  to  Helena  Reservoir 

This  chart  duplicates  Chart  M  except  the  expression  of  cost 

of  \>rator  developments  is  in  tenr.s  of  annual  imit  cost  per  acre-foot. 

Curves  A,  ii,  C,  and  D  apply  to  the  sane  reservoir  combinations 

as  in  Chart  M.   For  Curve  E  the  annual  value  of  energy  for  purnpinf_;  was 

assuj:ied  to  be  1.1  mills  per  kilowatt-hour  instead  of  3-3  mills  as  used  in 

the  other  curves. 
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CHART  D 

VOIR  YIELD-CAPACITY  DATA 
ELTAPOM  RESERVOIR 


dependable  power  ncnencion  purpoiiei  ou 

—  reduced  by  approximately  i2t.  due  lo  ihc 

ability  ol  »uppori  enerjty  beinft  fcncraied 

dependable,  bui  usable  at  other  hydro  plat 

-^  Northern  California,  durinjt  wci  periods. 

B.    Water  yield  distributed  on  a  1 2-nMnih  unit 
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CHART  E 

RESERVOIR  YIELD-CAPACITY  DATA 
BURNT  RANCH  RESERVOIR 
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CHART  J 

EFFECTS  OF  YIELD  DEVELOPMENT  AT  BURNT  RANCH 

RES.  ON    LATER  STAGE    PUMPING   PLANTS 

ON  THE  TRINITY  RIVER 

CHANGE   IN  DESIGN  HEAD  AND  DECREASE   IN  ENERGY  REQUIREMENTS  OF 
FUTURE   TRINITY  RIVER   PUMPING  PLANTS   VS    BURNT  RANCH  YIELD  i 
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STATE  OF  CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 

NORTHERN    BRANCH 

NORTH    COASTAL  AREA    INVESTIGATION 

TRINITY  RIVER   DIVISION 

1963 

SOUTH  FORK  TRINITY  PUMP  PROJECT 

ALTERNATIVE  TO  S.  FK.  TRINITY  GRAVITY  PROJECT 

RECONNAISSANCE  SUMMARY  OF  COSTS   FOR  DEVELOPMENT  OF 

NEW  EXPORTABLE  WATER  SUPPLIES  AND  CONVEYANCE  TO 

HELENA  RESERVOIR  WHICH  WOULD  HAVE  A  NORMAL  AND  MINIMUM 

WATER  SURFACE   ELEVATION  OF  1837  AND  1650   FT  RESPECTIVELY 
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NORTH    COASTAL   AREA    INVESTIGATION 


PLATE  U. 
MAD-VAN  DUZEN  PROJECT 


The  purpose  of  thic  plate  is  to  present  data  to  analyze  the 
r^d  and  Van  Duzen  Rivers  as  an  addition  to  the  Trinity  River  Development. 

Although  there  are  many  damsites  on  the  Kad  and  Van  Duzen 
Rivers,  only  six  possible  reservoirs  are  discussed  in  this  presentation: 
Ruth,  Anderson  Ford,  and  Sutler  Valley  on  the  Mad  River;  Eaton  on  the 
Van  Duzen  River;  and  Larabee  Valley  and  Base  Line  on  the  South  Fork  of 
the  Van  Duzen  River. 

Butler  Valley  Reservoir  would  be  a  replacement  for  the  existing 
Ruth  Reservoir  which  serves  the  Humboldt  Bay  area  and  maintains  certain 
required  flows  belov;  Essexs  for  fish  enhancements. 

Base  Line  Reservoir  would  be  primarily  for  fish  and  recreation 
enhancement  on  the  Van  Duzen  and  Lower  Eel  Rivers.   It  would  be  built  as 
an  alternative  to  Larabee  Valley.  While  it  would  not  serve  directly  to 
provide  water  for  export,  it  vrould  allow  increased  exports  from  Eaton 
Reservoir  from  water  that  othen^ise  would  have  been  released  for  fish. 

Eas'e  Line  Reservoir  appears  to  have  considerable  potential  as 
a  local  project.  About  a  200-foot  dam  at  the  site  would  create  a  reser- 
voir which  could  produce  a  uniform  flow  at  the  Junction  of  the  South  Fork 
and  Main  Stem  of  the  Van  Duzen  River  of  about  100  cfs.   The  flow  would 
be  reduced  during  a  period  of  low  runoff  such  as  that  during  1923-2'+ j 
however.  The  value  of  the  water  saved  at  Eaton  might  be  nearly  equal 
to  the  cost  of  Base  Line  Dain. 

Anderson  Ford  Reservoir  would  be  the  forebay  to  the  South 
Fork  Trinity  Powerplant  which  would  be  located  on  the  shore  line  of 
Eltaporn.  The  optimum  minirauia  pool  of  Anderson  Ford  Reservoir  seems  to 
be  about  elevation  2,350  for  all  reasonable  yields.  The  cost  of 
Anderson  Ford  dam,  the  t-unnel  to  the  South  Fork,  the  penstock,  and  the 
powerplant  were  all  considered  in  determining  this.   It  should  be  noted, 
however,  that  the  cost  estimate  for  Anderson  Ford  is  very  rough,  a  slight 
decrease  in  cost  would  move  the  minimum  pool  to  elevation  2,U-00  or  2,4-50 
feet. 

Yields  are  shown  on  the  storage-yield  charts  as  being  exported 
on  both  uniform  and  power  schedules;  however,  on  the  succeeding  charts, 
the  word  "yield"  refers  to  water  produced  on  a  power  schedule.  Actual 
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difference  between  the  amounts  of  water  released  on  a  power  schedule  and 
a  uniform  schedule  would  be  slight  except  during  the  long  critical  periods 
e.g.,  1916  to  193^,  etc.  This  is  due  to  a  wet  year  clause  in  the  assumed 
power  schedule,  which  would  allow  a  reduction  in  power  output  which  would 
in  turn  reduce  the  water  requirement.  The  period  I916  to  193^  contains  a 
number  of  wet  years.   During  these  years  releases  would  be  reduced  to 
only  68  percent  of  a  dry  year  requirement. 

CHARTS  A,  3.  C.  D,  £,  AND  F: 

These  are  area-capacity-elevation  charts  for  all  the  reservoirs 
considered:  Ruth,  Eaton,  Larabee  Valley,  Anderson  Ford,  Butler  Valley, 
and  Base  Line. 

Data  for  all  site  were  derived  from  USGS  quadrangles,  with  a 
scale  of  1:62,500,  and  with  contour  interval  of  50  and  100  feet. 

Storage  was  computed  by  the  average  end  area  method.  The 
storage  Base  Line  Reservoir  \ras   checked  by  the  prisraoidal  formula. 

CHARTS  G,  H,  I,  AITO  J:   Storage-Yield  Curves 

Except  for  Base  Line  Reservoir,  these  curves  were  derived  by 
a  tabular  method  rather  than  actual  yield  studies.  Yields  were  computed 
on  both  uniform  and  povrer  schedules,  except  for  Butler  Valley  and  Base 
Line  Reservoirs  which  were  computed  only  on  a  uniform  schedule. 

For  Base  Line  and  Butler  Valley  Reservoirs,  the  indicated  yield 
would  be  at  some  point  well  downstream  from  the  reservoir,  since  these 
reservoirs  would  firm  up  uncontrolled  water  between  the  reservoir  and  the 
point  of  diversion.   In  the  case  of  Butler  Valley,  this  point  would  be 
the  Essex  Pump  Diversion  Plant;  for  Base  Line  Reservoir,  this  point  would 
be  the  confluence  of  the  South  Fork  and  the  Main  Stem  of  the  Van  Duzen 
River. 

Yield-capacity  curves  for  combined  reservoir  operations  have 
been  developed  by  treating  these  as  a  single  reservoir  with  more  than 
one  inflow.   This  treatment  is  possible  since  minimum  size  connecting 
tunnels  will  handle  almost  any  flow  that  can  be  expected.   In  using  this 
curve,  Anderson  Ford  Reservoir  should  have  at  least  70,000  acre-feet  of 
active  storage  for  any  large  yield. 
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Evaporation  rates  v;hich  were  used  are  as  f  ollo'«rs : 

Ruth - 2.5  feet  per  year 

Anderson  Ford 2.3  feet  per  year 

Butler  Valley I.5  feet  per  year 

Eaton- 2.3  feet  per  year 

Larabee  Valley 2.0  feet  per  year 

Base  Line 2.0  feet  per  year 

It  should  be  noted  that  31>000  acre-feet  per  year  would  be  re- 
leased from  Larabee  Valley  Reservoir  for  fish,  and  12,000  acre-feet  from 
Anderson  Ford  Reservoir;  therefore,  their  yields  for  export  wo-old  be 
considerably  reduced. 

The  following  table  shows  the  release  schedule: 

STREAI>IFL0W  MAINTEKAiNCE 


:  Ander 

son 

:  Sub -2/ 

:MWD 

s  Point  : 

Larabeei/ 

Eaton 

Ruth 

:Ford  & 

But- 

:  Total 

:of  Diversion: 

Total 

Month 

Valley 

:ler  Valley 
:cfs:1000AF 

:1000  AF 

:  at 
:cfs 

Essex3/  : 
1000  AF  : 

cfs 

:1000AF 

cfs 

:1000  AF 

cfs 

:1000  AF 

1000  AF 

Oct. 

33 

2.0 

5 

0.3 

5 

0.3 

16.6 

1.0 

3.0 

ko 

2.k 

5.k 

Nov. 

50 

3.0 

5 

0.3 

5 

0.3 

16.6 

1.0 

4.0 

62 

3.8 

7.8 

Dec. 

67 

k.o 

5 

0.3 

5 

0.3 

16.6 

1.0 

5.0 

75 

k.5 

9.5 

Jan. 

67 

k.O 

5 

0.3 

5 

0.3 

16.6 

1.0 

5.0 

75 

k.3 

9.5 

Feb. 

50 

3.0 

5 

0.3 

5 

0.3 

16.6 

1.0 

k.O 

75 

k.3 

8.5 

Mar. 

50 

3.0 

5 

0.3 

5 

0.3 

16.6 

1,0 

k.O 

75 

k.5 

8.5 

Apr. 

33 

2.0 

5 

0.3 

5 

0.3 

16.6 

1.0 

3.0 

75 

k.5 

7.5 

May 

33 

2.0 

5 

0.3 

5 

0.3 

16.6 

1.0 

3.0 

75 

k.5 

7.5 

June 

33 

2.0 

5 

0.3 

5 

0.3 

16.6 

1.0 

3.0 

75 

k.5 

7.5 

July 

33 

2.0 

5 

0.3 

5 

0.3 

16.6 

1.0 

3.0 

50 

3.0 

6.0 

Aug. 

33 

2.0 

5 

0.3 

5 

0.3 

16.6 

1.0 

3.0 

ko 

2.k 

5.k 

Sept. 

33 

2.0 

5 

0.3 

5 

0.3 

16.6 

1.0 

3.0 

30 

1.8 

k.B 

Total 

31.0 

(3.6) 

(3.6) 

12 

i+3.0 

k5.0 

83.0 

1/  This  would  be  the  release  from  both  Eaton  and  Larabee  Valleys. 
2/  This  would  be  the  total  depletion  from  the  export  system. 
_3/  This  would  be  in  excess  of  II8  cfs  required  for  diversion  to 
Humboldt  Bay  Mimicipal  V.'ater  District. 

CHART  K;  Reservoir  Cost-Capacity  Data 

These  curves  show  the  capital  cost-gross  storage  relationship 
for  Ruth,  Anderson  Ford,  Butler  Valley,  Eaton,  and  Anderson  Ford  Reservoirs. 

These  curves  are  based  on  reconnaissance-type  estimates  prepared 
by  the  Design  Unit  of  the  Northern  Branch.  All  cost  includes  15  percent 
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for  engineering  and  adruni strati on,  15  percent  for  contingencies,  and 
k   percent  interest  during  construction. 

Annual  cost  while  not  shown  on  the  chart  would  be  about  U.85 
percent  of  the  capital  cost. 

CHART  L:   Unit  Cost  of  Active  Storage 

This  curve  shows  the  unit  cost  of  active  storage  for  the  four 
export  reservoirs.  Also  shown  is  their  unit  cost  v;hen  the  cost  of  con- 
veyance to  Anderson  Ford  is  included.   The  size  of  these  conveyance 
facilities  (Larabee  Valley-Eaton  Tunnel  and  Caton-Mad  Tunnel)  would  be 
at  the  diameter  of  minimum  cost  but  would  still  be  capable  of  conveying 
the  project's  total  yield. 

CHART  M:   Unit  Cost  of  Water  Delivered  to  Anderson  Ford 
at  Elevation  2,350  from  Various  Reservoirs 

This  chart  shows  the  relative  costs  of  water  development  among 

various  reservoirs.   It  reflects  the  reservoir  costs  and  the  required 

tunnel  cost,  if  any. 

CHART  N:   South  Fork  Trinity  Power  Facilities 

This  chart  shows  the  capital  cost,  annual  cost,  revenue,  net 
revenue,  and  dependable  capacity  for  a  range  of  yields. 

The  costs  do  not  include  penstocks. 

The  effective  head  is  fixed  at  6OO  feet  v/hich  is  based  on  a 
rninimuiii  pool  elevation  at  Anderson  Ford  of  2,350  feet,  with  a  fixed  tunnel 
length  and  head  loss  of  100  feet,  and  a  tailrace  elevation  of  l,u50  feet. 
Of  course,  this  tailrace  elevation  hinges  on  the  normal  pool  elevation  of 
Eltapom  which  is  presently  estimated  to  be  about  1,650  feet. 

CHAl'lT  0:   South  Fork  Tunnel  Data 

This  chart  shows  the  diameter  and  capital  cost  of  the  South  Fork 
Tunnel  for  various  yields.  As  previously  stated,  the  length  and  slope  was 
assumed  fixed,  and  the  minimum  pool  of  Anderson  Ford  was  fixed  at  2,350  feet. 

A  cost  curve  v/as  made  from  estimates  made  by  the  Design  Section 
of  the  Korthem  Branch  for  a  tunnel  36,000  feet  long.   This  cost  \7as  scaled 
down  to  suit  the  25,000-foot  tunnel. 

CHART  P: 

These  curves  show  the  capital  cost  of  four  possible  plans  for 
development  of  the  Mad  and  Van  Duzen  Rivers .   Included  in  the  amounts  are : 
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the  cost  of  reservoirs,  including  Butler  Valley  Reservoir  which  would  re- 
place the  existing  Ruth;  the  connecting  tunnels,  if  any;  the  South  Fork 
tunnel  and  the  South  Fork  penstock:  and  the  South  Fork  jxawerplant.   In 
all  plans  Anderson  Ford  Reservoir  would  have  70,000  acre-feet  of  active 
storage  and  a  minimum  pool  elevation  of  2,350  feet. 

Curve  A  shows  the  cost  of  the  full  development  of  the  Itod  and 
Van  I>azen  Rivers.   It  would  include  Larabee  Valley,  Eaton,  Ruth  and 
/uiderson  Ford  Reservoirs  with  Butler  Valley  Reservoir  supplying  local 
vrater. 

Curve  3  shov;s  the  cost  of  the  developnent  without  Larabee 
Valley  Reservoir.  The  flow  of  the  South  Fork  v/ould  be  firmed  up  from 
Katon  to  maintain  fish  at  the  present  level. 

Curve  C  shows  the  cost  of  the  development  without  Larabee  Vallei 
Eind  Ruth  Reservoirs.  Eaton  Reservoir  would  be  operated  to  "firm  up"  the 
water  supply  from  Anderson  Ford  Reservoir. 

Curve  D  shoves  the  cost  of  Mad  River  development  only.  This 
would  include  Ruth  and  Anderson  Ford  Reservoirs,  with  Ruth  Reservoir  op- 
erated to  "firm  up"  Anderson  Ford  Reservoir. 

CHAKT_Q: 

These  data  show  the  unit  cost  of  water  delivered  to  Eltapora 
Reservoir  at  elevation  1,650  feet  for  the  four  plans  as  described  in 

Chart  P. 
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NORTH   COASTAL  AREA  INVESTIGATION 


MAD-VAN    DUZEN    PROJECT 


PLATE  12 

THE  WEST  SIDE  CONVEYANCE  SYSTEM 

Without  Trinity  River  Imports 

The  purpose  of  this  plate  is  to  outline  the  possible  accomplish- 
ments of  the  West  Side  Conveyance  System  as  a  storage  facility  and  as  a 
diversion  to  the  Glenn  Reservoir  Complex.  The  analysis  has  been  carried 
out  both  vdth  and  v/ithout  the  Middle  Fork  Eel  Diversion  as  a  prior  import. 
Diversions  from  the  Trinity,  Mad,  and  Van  Duzen  river  systems  to  the  Glenn 
Reservoir  Complex,  which  would  be  facilitated  by  the  existence  of  the 
West  Side  Conveyance  System,  may  be  evaluated  and  presented  on  a  later  plate. 

The  Glenn  Reservoir-West  Side  Conveyance  Systems'  accomplishments 
sho\m  on  this  plate  are  based  on  a  uniform  monthly  distribution  of  firm 
annual  yield.  This  is  quite  probably  not  the  schedule  the  system  would 
operate  on  to  sustain  a  firm  yield  in  the  Delta.  However,  for  this  stage 
of  studies,  the  uniform  schedule  provides  a  convenient  basis  for  comparing 
alternative  projects. 

The  storage-yield  curves  shown  on  this  plate  were  developed  for 
conditions  of  "Net  yield"  only.  However,  the  relative  accomplishments  of 
the  West  Side  Conveyance  System  could  be  determined  equally  well  on  the 
basis  of  'gross  yield".  "Gross  yields"  would  be  based  on  conditions  of 
full  natural  flow,  v*iile  'net  yield"  were  based  on  the  assumption  that 
the  Glenn-West  Side  System  would  operate  as  an  increment  above  the  existing 
and  near-future  Central  Valley  Reservoir  System.  In  the  latter  case  it 
Was  assvmied  that  the  only  time  water  could  be  stored  in  the  Glenn-West  Side 
System  was  when  that  water  was  not  serving  a  prior  beneficial  downstream 
purpose.  All  present  and  contemplated  near-future  water  demands  of  the 
Orland  Project  and  Black  Butte  Reservoir  were  met.  In  all  cases,  imports 
from  the  Middle  Fork  Eel  River  enter  Glenn  Reservoir  on  a  random  schedule, 
corresponding  to  the  plan  of  diverting  the  greatest  possible  amount  of 
Eel  River  water  in  a  given  time.  A  more  detailed  description  of  "gross 
yield"  and  "net  yield"  is  presented  in  the  descriptive  memorandum  for 
Plate  3. 

This  plate  summarizes  an  analysis  of  the  West  Side  Conveyance 
System  as  an  adjunct  to  the  Glenn  Reservoir  Complex.  It  is  based  on 
specific  assuxirptions,  which  are  discussed  in  the  following  chart  explana- 
tions. Any  conclusion  made  on  the  basis  of  this  plate  should  be  viewed 
in  the  full  light  of  the  inherent  limitations  and  the  assumptions  made. 
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CHART  A; 

This  chart  setc  forth  area-elevation-capacity  data  for  the 
entire  West  Side  Conveyance  System,  and  is  based  on  a  combination  of  the 
area-elevation-capacity  data  for  the  individual  constituent  reservoirs. 
Possible  storage  capacity  obtainable  in  the  interconnecting  cuts  is  not 
included.  All  of  the  data  for  the  individual  reservoirs,  with  the 
exception  of  Schoenfield  Reservoir,  v;as  taken  from  USGS  quadrangle  maps; 
1:62,500,  contour  interval  of  50  feet.  Data  for  Schoenfield  Reservoir 
are  from  a  DV/R  map  dated  1922,  scale:  1-inch  =  450  feet,  contour  interval 
equals  20  feet. 

CHART  B: 

The  chart  sets  forth  area-elevation-capacity  data  for  various 
elements  of  Glenn  Reservoir  Complex  vhich  could  be  used  in  conjunction 
with  the  West  Side  Conveyance  System.  These  data  were  developed  from  the 
Department  of  Water  Resources'  Glenn  Reservoir  map,  dated  July  i960,  scale: 
1-inch  =  1,000  feet,  contour  interval  equals  20  feet.  This  map  is  avail- 
able also  at  a  scale  of  1-inch  =  400  feet. 

CHART  C: 

Chart  C  is  a  table  showing  pertinent  data  for  the  West  Side 
Conveyance  System.  These  data  are  very  preliminary  and  subject  to  con- 
siderable revision. 

CHART  D: 

Chart  D  presents  storage  yield-data  for  Glenn  Reservoir  and 
the  west  Side  Conveyance  System  -vathout  any  diversions  from  the  Eel  or 
Trinity  Rivers.  The  water  supply  hydrology  of  the  Glenn  Reservoir  Complex 
is  discussed  in  the  descriptive  memorandvira  for  Plate  3  of  this  series. 
Inflow  to  the  West  Side  Conveyance  System  is  derived  from  the  upper  drain- 
age of  Cottonwood  Creek  excluding  the  North  Fork  and  the  upper  drainage 
of  Elder  Creek.  The  system  may  also  collect  flows  from  a  very  minor 
pa.rt  of  the  drainage  of  Thomes  Creek  doimstream  of  the  proposed  Paskenta 
project.  The  inflow  to  the  West  Side  Conveyance  System  vras  estimated  by 
use  of  area-precipitation  relationships,  using  the  Cottonwood  Creek  near 
Cottonwood  gage  and  the  Thomes  Creek  near  Paskenta  gage  as  base  stations. 
For  the  period  prior  to  the  installation  of  these  gages  (1915-I6  to  1920-21^ 
flows  at  the  gage  sites  were  obtained  by  correlation  with  the  Sacramento 

River  at  Red  Bluff. 

-266- 


The   storaje-yicld  relationships  v;ere  corrected  for  evaporation 

hj   use  of  an  empirical  expression: 

C  =  E  X   [^68  (MA  -  LA)  +  la] 

V/here, 

C  =  Annual  evaporation  correction  during  reservoir 
critical  period  of  operation 

E  =  AnnueLL  evaporation  rate  (assumed  to  be  3-0  feet) 

MA  =  Area  at  rnsL/cimun  pool 

LA  =  Area  at  minimum  pool 
The  minimum  pool  was  determined  oy  rough  estiiiiates  of  required  sedimentation 
3tcra;j:e. 

CHAICT  E: 

Chart  E  is  the  saj.ie  analysis  as  Chart  D  i/ith  the  addition  of 
imports  from  the  Middle  Fork  Eel  River.  The  import  is  achieved  by  a 
53^,000  acre-foot  Spencer  Reservoir  with  a  10-foot  tunnel.  Further  derails 
can  be  found  in  the  descriptive  memorandum  for  Plate  2  of  this  series. 

CHART  F: 

This  chart  shov;s  the  relationships  between  reservoir  storage 
capacity  and  capital  and  annual  cost  data  for  two  possible  combinations 
of  tne  components  of  the  Glenn  Reservoir  Complex.  Total  annual  cost  is 
assumed  to  equal  5  percent  of  the  capital  cost.  Further  detail  regarding 
these  cost  estimates  is  given  in  the  descriptive  memorandum  for  Plate  3  of 
this  series. 

CHART  G: 

Chart  G  sets  forth  capital  cost-annual  firm  yield  data  for  the 
West  Side  Conveyance  System  and  Glenn  Reservoir  Comples  combined  without 
an  import  from  the  Middle  Fork  Eel.  Two  curves  are  shown;  one  delineates 
the  accomplishments  of  the  V/est  Side  Conveyance  System  ^^ath  storage  avail- 
able at  Paskenta-Newville  Reservoir;  the  other  delineates  accomplishments 
if  the  entire  storage  of  Glenn  Reservoir  is  available.  Th  features  and 
cost  of  the  West  Side  Conveyance  System  were  not  varied  within  this  study. 

CHART  H; 

This  chart  presents  the  same  information  as  Chart  G  \rith   an  im- 
port from  Spencer  Reservoir  Included. 
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CHART  I: 

This  chart  shows  an  approximate  relationship  between  net  new 
annual  ideld  attributable  to  the  V/est  Side  Conveyance  System  and  storage 
available  in  the  VJest  Side  Conveyance  System  and/or  the  Glenn  Reservoir 
Complex.  The  actual  relationship  is  some^Aiat  more  complex  than  that 
shown.  A  more  adequate  delineation  of  this  storage-yield  data  could  be 
achieved  if  the  initial  project  were  kno\m  in  more  detail.  The  limits  of 
net  new  annual  yield  attributable  to  the  West  Side  Conveyance  Syston  are 
shown  for  various  prior  conditions  of  development. 

CHART  J; 

This  chart  shows  the  approximate  range  of  unit  annual  costs 
for  developing  net  nev;  water  yield  attributable  to  the  V/est  Side  Conveyance 
System  v.ath  various  conditions  of  prior  development. 

Costs  and  benefits  associated  ^d.th  flood  control,  hydro-pov/er, 
recreation,  and  fisheries  enhancement  are  not  included  in  this  analysis. 
The  data  sho-vm  do  not  reflect  costs  associated  vdth  construction  of  the 
proposed  highv/ay  from  the  vicinity  of  Orland  to  the  vicinity  of  Willits 
via  the  Mendocino  Pass  route.  A  bridge  across  the  Chrome  Channel  portion 
of  the  Glenn  Reservoir  Complex  probably  irould  be  required  for  this  high- 
v/ay,  and  its  cost  would  be  assigned  to  the  project. 

The  relationships  shotm  on  the  above  charts  are  very  sensitive 
to  changes  in  cost  data.  Since  these  data  are  currently  under  study, 
conclusions  should  be  viev^ed  in  the  light  of  this  fact  and  other  assump- 
tions made.  The  applicability  of  the  assumption  of  operation  on  a  uniform 
yield  basis  is  discussed  in  the  descriptive  memorandiun  which  concerns 
Plate  3  of  the  series. 
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PLATE    12 


CHART   C 

DATA  TABLE -WEST  SIDE   CONVEYANCE    SYSTEM 


SOUTH  FORK 
COTTONWOOD  CR 
NORTH  FORK 
REOBANK    CR 


REOBANK  CR. 


ELDER  CREEK 


McCARTV   CR. 


T29N.R7« 
T2»M,RTW 


Sk.iO 

TZBM.RTW 

Sm.22 

t;»m,  RTW 


SM.2e 

Tzew.  RTW 
SkM 

TJBN.RTW 
Sk  ]l 
T8«N.  R6W 


T27N,R6W 


TgTII,  R6W 
Stc  2\ 

2TN.  R6W 


DIGSER  CREEkIoiGGER  CREEK     I  f^  "> 


DRAINAGE  |  STREAM  BED  I 


CHART  G 

CAPITAL  COST-NET  NEW  ANNUAL  YIELD   DATA 

INFLOW   DERIVED   FROM    STONY  AND  THOMES    CREEKS 
AND   WEST   SIDE    SYSTEM 
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i-'LATE  ll^ 
KMIGIITS  VALLiTf  I-aOJECT 


The  primary  pui'pose  of  the  proposed  j-oiiglits  Valley  Project  is 
\jO   develop  a  firm  water  supply  which  could  alleviate  irrigation  and   urban 
dti.iand^  within  Sonona,  IJapa,  and  I-.arin  Counties.   Tli'^  proposed  Kniehts 
Villoy  Reservoir  could  provide  off-streani  storai^e  for  sor.e  of  tnc  surplus 
:'iov/3  wliich  occur  frequently  in  tnf-  Russian  River  in  addition  to  st-oriri^ 
I'oct  of  the  natural  r-onoff  of  Kaacarna  and  Franz  Creeks. 

Tne  initial  step  undertaken  in  tnis  invcscigation  v/as  to  dcter- 
i.ine  the  ariounts  of  surplur.  flow  in  the  Russian  River  at  tne  selected 
iiizfr-s   for  diversion  durinj  tx'.e  historical  period  of  l,17-19i;l-   I'^  '-'^s 
c.^suj.ind  thac  'i.'arra  3i)rin.Q:3  Reservoir,  at  2T( ,000   acre-feet  of  (jross 
.';cpacil,y,  on  Dry  Creek,  alon;;  with  the  existing  Coyote  Valley  Reservoir  on 
chc-  La3t  Fork  of  the  Russian  River,  vrauld  be  in  operation. 

Oiperation  studies  which  indicate  the  releases  and  spills  of 
Coyol^e  Valley  and  V/ar.-n  Spriii^is  R'- servoirs  were  obtained  froiri  zhc   U.  3. 
Corps  of  ciUi^ineers  in  San  Francisco.   It  \ra3  necessary,  hov/ever,  to  e::- 
tend  ci^e  operation  studies  in  order  to  include  ■chc  period  of  1917-19'^2. 
The  monthly  outflows  of  the  Russian  River  at  Ouerneville ,  after  the  fio. 
yields  attributed  to  Coyote  Valley  and  V/ann  Sprinss  Reservoirs  have  been 
diverted,  were  obtained  froM  the  USCF  Interim  R-.port,  "Russian  River 
California,  Dry  Creek  Basin,  Appendix  A",  revised  May  I'jCl.      The  xontifLy 
ouCflov;  quantitiocs  at  Gucrncviile  were  reduced  oy  7^700  acre-fee^ 
(equivalent  to  the  iriandatory  outflow  requirements  of  12^  cfs)  in  order 
to  determine  tlie  surplus  flow  in  the  river.  These  surplus  flows  had  to 
be  readjusted,  however,  by   the  amount  of  natural  runoff  of  I'laacama  and 
Franz  Creeks  which  would  be  retained  in  xLnie^hts  Valley  Reservoir. 

It  was  considered  that  the  montlxLy  divertable  surplus  flow  at 
each  diversion  site  could  not  exceed  the  monthly  surplus  flov/  at 
Guerneville,  and  it  obviously  could  not  exceed  the  iupaired  flow  of  the 
river  at  the  site.  The  impaired  flows  of  the  Russian  River  at  the 
selected  sites  for  diversion  vrere  detenained  as  f ollov.'s : 

A.   Near  Cloverdale;   The  proposed  diversion  site  wo'old 
oe  upstream  of  the  junction  of  Big  Sulphc r  Creek  and  the 
Russian  River.   Tlie  divertable  quantities,  however,  were  based 
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on  the  surplus  flows  belovr  the  junction  since  it  ^vas  assumed 
that  the  Cloverdale-ltoights  Valley  conveyance  system  would 
divert  the  Big  Sulphur  Creek  surplus  flows  also.  The  impaired 
flows  of  the  Russian  River  were  computed  by  adding  the 
accretions  between  Coyote  Valley  Reservoir  and  Cloverdale 
(basic  data  obtained  from  the  Bay  Area  Branch)  to  the  spills 
and  releases  from  Coyote  Valley  Reservoir. 

3.   Hear  Geyserville ;   The  proposed  diversion  site  would 
be  approximately  3- 5  miles  northwest  of  Geyserville.   It  was 
considered  in  this  investigation  that  the  surplus  flows  of 
the  Russian  River  at  this  site  would  be  the  same  as  at  the 
Cloverdale  site  (including  Big  Sulphur  Creek  flows). 

C.  Near  Healdsburg^  immediately  below  the  Maacama  Creek 
Junction;   The  natural  accretions  between  Coyote  Valley  Reservoir 
and  Healdsburg  (basic  data  obtained  from  the  Bay  Area  Branch) 
were  added  to  the  releases  and  spills  from  Coyote  Valley  Reservoir. 
It  vras   assumed  that  any  flows  of  Maacama  and  Franz  Creeks  which 
would  not  contribute  to  yield  from  Coyote  Valley  or  Warm  Springs 
Reservoirs  or  to  the  mandatory  outflow  requirement  of  125  cfs 
at  Guerneville  would  be  stored  in  the  proposed  Knights  Valley 
Reservoir  and  were  not  included  in  the  Russian  River  flov^s. 

The  full  natural  flows  of  r^feacaraa  and  Franz  Creeks  were  computed 
by  the  North  Coastal  Area  Investigation  Unit  in  August  I96I. 

The  relationships  between  the  capacity  of  a  proposed  diversion 
system  and  the  percentage  of  the  monthly  runoff  which  could  be  diverted, 
when  an  allowance  is  made  for  the  daily  fluctuations  of  flow  in  the 
Russian  River,  were  computed  by  the  Eel  River  Planning  Unit  as  f ollov;s : 

Diversion  System  Capacity      Quantity  of  Divertable 

in  Percent  of  the  Mean  Water  in  Percent 
Montlily  Flow of  the  Total  Monthly  Flow 

50  ko 

100  59 

200  78 

300  88 

1^00  9k 

500  98 

600  100 
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The  alternative  conveyance  systems  which  were  investigated 
have  the  following  basic  features : 

A.  Cloverdale  Diversion 

1.  Cloverdale  Diversion  Darn  -  N.W.S.  elev.  350  feet 

2.  O-Overdale-Maacaraa  Canal,  L  =  37.8  miles 

3.  Big  Sulphur  Creek  Diversion  Dam  -  N.W.S.  Elev.  SW  feet 
h.  I-laacajna  Forebay  -  N.W.S.  Elev.  320  feet 

5.  Knights  Valley  Reservoir  Pumping  Plant 

B.  GeyserviUe  Diversion 

1.  GeyserviUe  Divserion  Dam  -  N.W.S.  Elev.  2U0  feet 

2.  GeyserviUe -Maacaraa  Canal,  L  =  1713  miles 

3.  Maacama  Forebay  -  N.W.S.  He  v.  235  -feet 
h.  Knights  Valley  Reservoir  Pumping  Plant 

C.  Healdsburg  Diversion 

1.  Healdsburg  Diversion  Dan  -  N.W.S.  Elev.  lUO  feet 

2.  Intake  charjiel,  L  =  3 '9  miles 

3.  Knights  Valley  Reservoir  Pumping  Plant 

The  concluding  charts  on  this  plate  indicate  the  capital  cost 
versus  annual  yield  relationships  and  the  annual  unit  cost  versus  anniial 
yield  relationships  of  irater  available  in  ICnif^hts  Valley  Reservoir  from 
imports  by  the  alternative  conveyance  systems,  plus  natursil  runoff. 

All  estimates  of  Capital  Cost  include  an  allowance  of  15  percent 
for  contingencies  and  Ip  percent  for  engineering  and  administration. 
Estiraa-ces  of  equivalent  annusil  cost  include  annual  charges  of  operation, 
maintenance,  and  replacement,  and  a  50-year  capital  recovery  period  at 
k   percent  interest. 

Description  of  Data 

CHARTA:  Area  Capacity  Data  -  Knights  Valley  Reservoir 

These  data  were  developed  for  the  proposed  reservoir  which  would 
ce   formed  by  a  dam  at  streanbed  elevation  215  feet  on  Maacama  Creek 
(Sec.  9,  T9N,  R&tl ,   MDB&Il)  and  by  a  dam  at  streambed  elevation  265  feet 
on  Franz  Creek  which  would  be  located  in  Sec.  23,  T9N,  R8v;,  MD3&I4. 

The  water  surface  elevation  versus  area  data  were  determined  by 
planimetering  the  USGS  quadrangles  Mount  St.  Helena  and  Mark  V/est  Springs, 
scale  1:21+-, 000,  at  contour  lines  which  were  plotted  at  intervals  of  kO 
feet.  The  average  area  method  was  used  to  compute  the  elevation  versus 
capacity  data. 
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CliARTS  B  AND  C:  Reservoir  Yield- Capacity  Data 

Tliese  data  indicate  the  firm  yield  versus  active  storage  rela- 
tionship of  the  pro^^cct  with  the  indicated  diversion  system  from  the 
Russian  River  at  varying  capacity. 

The  following  pattern  of  distribution,  which  is  based  on  serving 
75  percent  irrigation  and  25  percent  urban  demands  as  published  in  the 
Department  of  Water  Resources  Bulletin  No.  2,  Page  95^  was  used  in  develop- 
ing these  yield-capacity  data: 


Oct. 

11.3^'. 

Apr. 

l^.Of. 

Nov. 

"}.% 

^■lay 

8.^0 

Dec. 

2.3^ 

Jun. 

15.9^0 

Jan. 

l.Sr^ 

Jul. 

l6.i^f. 

Feb. 

2.2^S 

Aug. 

13.^0 

I4ar. 

2.t!o 

Sep, 

15.  Mi 

In  computing  e-vaporation  losses,  it  was  considered  that  the  re- 
servoir minimum  water  surface  elevation  would  be  350  feet  and  the  mean 
net  evaporation  rate  would  be  2.5  feet  per  year. 

The  mandatory  sustained  release  to  Maacaraa  Creek  fisheries  was 
considered  to  be  10  cfs. 

The  relationship  between  active  storage  capacity  and  firm  water 
yield  in  I-Cnights  Valley  Reservoir  developed  from  natural  runoff  combined 
with  imported  flows  from  the  Russian  River  are  summarized  as  follows: 

Active  Reservoir       Estimated  Annual  Yield  in  Acre-Feet  Per 
Storage  in        Year  for  Diversion  Capacity  in  Cubic  Feet 
Acre-Feet  Per  Second  of: 


500 1000 2000 3000 

A.  Diversion  Point  Near  Cloverdale  or  Geyserville 

200,000  135,000  160,000  170,000  175,000 

1+00,000  168,000  208,000  2i|0,000  252,000 

600,000  189,000  218,000  275,000  297,000 

800,000  196,000  22l+,000  300,000  323,000 

1,000,000       203,000    231,000    330,000    350,000 

B.  Diversion  Point  Near  Healdsburg 

200,000  133,000  160,000  172,000  177,000 

i|-00,000  168,000  211,000  21+7,000  262,000 

600,000  191,000  21+0,000  289,000  311,000 

800,000  199,000  266,000  316,000  31+1,000 

1,000,000  206,000        275,000        31+3,000        369,000 

CHART_D:   Reservoir  Cost-Capacity  Data 

These  data  were  developed  from  a  cost  estimate  of  I<[nights 
Valley  Reservoir  at  a  normal  water  surface  elevation  of  I+30  feet  (gross 
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capacity  of  220,000  acre-feet)  prepared  oy  the  Northern  Branch  Design 
Unit  in  May  I963,   and  fron  a  cost  estimate  of  the  reservoir  at  N.V/.S. 
elevation  6O5  feet  (gross  capacity  of  1,500,000  acre-feet)  prepared  by 
the  U.  S.  Corps  of  Encineers  in  September  I963.  The  following  items 
are  included: 

1.  Maacaria  Dan,  spill vray,  and  outlet  works 

2.  Fremz  Dam  aind  outlet  works 

3.  Reserv'-oir  right  of  way  and  clearing 

k.     Channel  cutting  the  divide  between  Franz  and  Maacama 
Creeks  vrith  the  invert  elevation  cut  5  feet  below  the 
reservoir  normal  water  surface.  This  connecting  channel 
would  not  oe  required  if  the  reservoir  normal  water  sur- 
face elevation  er.ceeds  ^4-30  feet. 

5.  Road  relocations 

CHART  E:  Diversion  Facilities  Cost-Capacity  Data 

These  data  were  developed  from  cost  estimates  which  were  pre- 
pared by  the  North  Coastal  Area  Investigations  Unit.  The  costs  of  all 
items  of  the  alternative  conveyance  systems  are  included  with  the  excep- 
tion of  the  Knights  Valley  Reservoir  pumping  plant. 

The  Cloverdale-Maacama  Canal  and  the  Geyserville-K^aacama  Canal 
cost  estimates  were  based  on  a  concrete  lined  trapezoidal  section.  The 
Healdsburg  intake  channel  cost  estimates  were  based  on  an  unlined  trape- 
zoidal section. 

CHARTS  F,  G,  AND  H:  Pumping  Plant  Cost-Capacity  Data 

These  data  were  developed  from  cost  estimates  of  the  Knights 
Valley  Reservoir  pumping  plant  which  were  prepared  by  the  North  Coastal 
Area  Investigations  Unit.  The  cost  esti:iates  were  based  on  a  plant 
capable  of  pumping  its  rated  capacity  in  cfs  against  the  meaji  average 
water  surface  elevation  of  the  reservoir  during  a  critical  period.   In 
this  reconnaissance  level  investigation,  the  minimum  water  surface  ele- 
vation of  the  reservoir  '-ras  considered  to  be  350  feet  in  all  instances. 
The  estimates  included  the  costs  of  the  basic  plant,  discharge  pipe, 
and  electrical  substation. 

CHARTS  I,  J,  AND  K: 

These  data  which  v/ere  assembled  from  the  previously  described 
charts  indicate  the  capital  cost  versus  annual  yield  relationships  of 
the  alternative  projects  with  the  Russian  River  diversion  systems  at 
varying  capacities. 
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GllARTS  L,  M,  MB   N: 

These  data  which  were  partially  assembled  from  the  previously 
described  charts  indicate  the  annual  unit  cost  versus  annual  yield  re- 
lationships of  the  alternative  projects  with  the  Russian  River  diversion 
system  at  varying  capacities.  The  Knights  Valley  Reservoir  pumping  plant 
annual  cost  was  considered  to  consist  of  repayment,  operation  and  mainte- 
nance, and  electrical  charges  as  follows: 

1.  Pumping  plant  capacity  per  kilowatt  year  -  $30.00 

2.  Pumping  plant  energy  per  kilowatt  hour  -  3-3  mills. 
In  computing  the  pumping  plant  energy  reqiiirement, 
it  was  estimated  that  75  percent  of  the  project 
annual  yield  would  be  pumped  into  Knights  Valley 
Reservoir  during  an  average  year,  and  25  percent 
wo'old  be  developed  from  natural  runoff. 

The  diversion  system  originating  near  Geyserville  would  termi- 
nate in  the  Maacama  Forebay  v/hich  would  have  a  N.W.S.  elevation  of  235  feet 
and  a  gross  capacity  of  l'+,500  acre-feet.   An  off-i)eak  pumping  schedule 
was  used  to  size  and  evaluate  this  proposed  diversion  system.   Off-peak 
pumping  was  not  used  in  the  alternative  plans  vath  the  Russian  River 
Diversion  works  near  Healdsburg  or  Cloverdale,  due  to  insirfficient  capacity 
in  the  pumping  plant  forebays. 
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KNIGHTS  VALLEY   PROJECT 


PLATE  15 

ALTERNATIVE  PLANS  FOR  DEVELOPMENT  OF  THE 

I'lIDDLE  FORK  EEL  RIVER  -  PLAN  A 

Water  Developed  in  Jarbow  and  Spencer  Reservoirs 

Diverted  to  English  Ridge  Reservoir 


The  purjxDse  of  this  plate  is  to  summarize  costs  and  other 
pertinent  data  related  to  diversion  of  Middle  Fork  Eel  River  flows  to 
English  Ridge  Reservoir.  A  basic  assumption  in  the  development  of  this 
plate  was  that  Round  Valley  would  be  protected  from  inundation. 

Five  possible  reservoirs  were  considered  in  the  plan  of  a 
pumped  diversion  from  the  Middle  Fork  Eel  to  English  Ridge  Reservoir. 
They  are:  Spencer,  Jarbow,  Elk  Creek,  Etsel,  and  Dos  Rios.  Spencer, 
Jarbov;,  and  Elk  Creek  Reservoirs  were  studies  in  the  plan  presented  on 
Plate  15-  Etsel  Reservoir  could  serve  as  an  alternative  to  Spencer 
Reservoir  and  will  be  studied  when  cost  data  become  available.   Dos  Rios 
Reservoir,  which  could  serve  as  an  alternative  to  Jarbow  Reservoir,  is 
discussed  in  the  descriptive  memorandum  for  Plates  lb  and  17 • 

The  plan  presented  on  this  plate  is  based  on  "on  peak"  or  con- 
tinuous pumping  which  is  equivalent  to  delivery  of  \rater  on  a  uniform 
monoliLy  schedule. 

Plate  17  presents  an  analysis  of  a  gravity  diversion  and  a 
pumped  diversion  from  the  Middle  Fork  to  English  Ridge  Reservoir,  under 
the  assumption  that  Round  Valley  would  be  inundated. 

CHART  A: 

Chart  A  presents  area-elevation-capacity  data  for  Jarbow 
Reservoir.  These  data  were  developed  from  reservoir  maps  with  a  scale 
of  1-inch  =  1,000  feet  and  a  contour  interval  of  20  feet,  dated 
February  1950. 

CHART  B: 

This  chart  presents  area-elevation-capacity  data  for  Spencer 
Reservoir.  These  relationships  were  developed  from  the  Department  of 
Water  Resources'  Upper  Etsel  Reservoir  map,  dated  January  7,  1959-  The 
scale  of  this  map  is  1-inch  =  i^OO  feet,  and  the  coutour  interval  is  20 
feet. 
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CHART  C: 

This  chart  presents  area-elevation-capacity  data  for  Elk  Creek 
Reservoir.  This  information  was  developed  from  the  USGS  Eden  Valley  qiiad- 
rangle,  scale  1:62^500,  contoixr  interval  of  100  feet. 

CHART  D: 

Chart  D  presents  firm  water  yield-storage  capacity  relationships 
of  reservoirs  studied  on  the  Middle  Fork  Eel  xRiver.   Curve  A  delineates  the 
storage-yield  relationship  for  Spencer  Reservoir.   Inflows  were  developed 
from  correlation  with  existing  record  of  natural  inflows.  Natural  flows 
were  depleted  by  26,000  acre-feet  for  local  irrigation  needs.   Curve  B  re- 
presents the  storage-yield  relationship  for  Jarbow  Reservoir.   Inflows  were 
developed  by  a  combination  of  correlation  and  area-precipitation  methods. 
Natural  flows  were  depleted  by  5^,000  acre-feet  for  fisheries  enhancement 
and  26,000  acre-feet  for  consumptive  use  in  Round  Valley.   Curve  C  pre- 
sents the  storage-yield  relationship  for  Elk  Creek  Reservoir.   It  is  based 
on  full  natureil  flows  which  were  developed  by  area-precipitation  methods. 
Curve  D  presents  a  storage-yield  relationship  for  the  accretions  between 
Spencer  and  Jarbow  Reservoirs.   These  accretions  were  depleted  by  fish 
releases  of  5^,000  acre-feet  yearly.  For  a  total  active  storage  in 
Spencer  and  Jarbow  Reservoirs  of  less  than  7^0,000  acre-feet,  Curve  B  is 
applicable  to  both  reservoirs.   In  this  size  range,  Spencer  Reservoir  has 
less  control  of  its  inflow  than  Jarbow  R'  servoir  has  of  the  accretions 
between  Spencer  and  Jarbow  Reservoir.  A  total  active  system  storage  of 
760,000  acre-feet  corresponds  to  an  active  storage  of  590^000  acre-feet 
in  Spencer  Reservoir.   For  total  active  storages  in  excess  of  7^0,000 
acre-feet,  the  yield  is  a  sum  of  yields  shown  on  Curves  A  and  D.   Jarbow 
Reservoir  is  limited  to  a  gross  storage  of  290,000  acre-feet  which  is 
equivalent  to  an  active  storage  of  170,000  acre-feet,  in  order  to  prevent 
extensive  inundation  of  Round  Valley. 

CHART  E: 

Chart  E  presents  estimated  capital  and  annual  cost-storage 
capacity  relationships.   The  curve  for  Elk  Creek  Reservoir  is  based  on 
estimates  for  gross  capacities  of  1^4-5,000,  330,000,  and  o05,000  acre-feet. 
The  normal  water  surface  elevations  corresponding  to  these  capacities  are: 
1,500,  1,600,  and  1,700  feet,  respectively.  Only  one  estimate  was  available 
for  Jarbow  Reservoir  in  the  size  range  considered  here.   This  point  is  at 
290,000  acre-foot  gross  storage  which  is  equivalent  to  170,000  acre-foot 
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active  Dtora^^c.   Coat  cstii.iatcG  for  Spencer  Hcscrvoir  are  availaulc  for 
jrotis  storages  of  300,000,  500,000,  580,000,  and  700,000  acre-feet. 
Inactive  storaj^e  is  ^0,000  acre-feet.  Estimates  for  capital  costs  of 
Jarbov;  and  Spencer  Reservoirs  include  allo\vrainccs  of  15  percent  for  contin- 
gencies, and  15  percent  for  engineering  and  project  administration  charges. 
Cost  estimates  of  Elk  Creek  Reservoir  include  20  percent  for  contingencies, 
and  15  percent  for  administration  and  engineering  charges,  fistimates  for 
equivalent  annual  costs  include  allowances  for  project  operation,  mainte- 
iv5nce,  replacement,  and  50-7car  capital  recovery  period  at  k   percent 
interest. 

Of  the  cost  oGtiniates  herein  delineated,  Spencer  Reservoir  is 
the  ir.ost  detailed,  and  is  based  on  the  most  detailed  geologic  inforaation. 
Cost  estimates  for  Etsel  Reservoir  are  currently  under  preparation. 

CrA^r   F: 

Chart  F  presents  tne  relationship  betvreen  the  annual  unit  costs 
of  e>-.portaQle  yield  referenced  to  the  reservoir  in  v/hich  it  would  be 
developed  and  the  annual  ar.io'ont  of  exportable  yield.  The  curve  for  the 
cost  of  water  developed  in  Elk  Creek  Reservoir  is  not  presented  because 
of  r.cale  problems.   It  was  found  that  the  lowest  unit  cost  of  water  devel- 
oped in  r^lk  Creek  Reservoir  v/ould  be  in  excess  of  $30  an  acre-foot.   This 
cost  exceeds  the  cost  of  developing  water  in  a  lower  reservoir  and  pumping 
it  to  the  elevation  of  Elk  Creek  Reservoir.  For  yields  of  less  than 
i+YOjOOO  acre-feet,  tne  yield  is  oased  on  the  combined  storage  of  Jarbov/ 
and  Spencer  Reservoirs  applied  to  the  runoff  of  the  Jarbow  site.   This  is 
represented  by  Curve  B  on  Chart  D.  For  yields  of  more  than  i;70,000  acrc- 
feet,  a  v/cighted  average  of  cost  resulting  from  Curve  A  and  Curve  D  on 
Chart  D  was  used. 

CHART  L-: 

This  chart  presents  the  estiir.ated  costs  versus  tunnel  diameter 
for  a  tunnel  from  Jarbow  Reservoir  to  English  Ridge  Reservoir.  This  cost 
is  independent  of  the  size  of  English  Ridge  Reservoir.  Penstock,  intake, 
and  surge  tank  costs  v;ere  assumed  to  be  20   percent  of  the  tunnel  costs. 
T-uniiel  costs  were  developed  by  the  Design  Unit  of  tne  Northern  liranch 
fro.'u  reconnaissance  geologic  data  in  accordance  with  their  standard  cost 
estiinating  procedures.   It  \ms   assumed  that  the  tunnel  would  be  concrete 
lined  and  supported  for  its  entire  length  of  7-3  miles. 
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CIIAIHT  H: 

This  chart  presents  a  comparison  of  conveyance  system  costs  for 
an  off-peak  pumping  systera  and  a  continuous  pumping  system.  A  capacity 
factor  of  50  percent  was  used  for  off-peak  pumping  analyses.  Operation  on 
an  off-peak  basis  necessitates  over- installation  of  pumping  plants  and 
larger  tunnels  than  would  otherwise  be  required.  This  is  the  cause  of  the 
higher  capital  cost  shovm  for  an  off-peak  pumping  system.  The  small  dif- 
ference in  annual  costs  shovm  is  due  to  a  variety  of  factors.   One  of  these 
is  the  capacity  charge  for  power.  The  cost  of  power  for  continuous 
P'ojaping  was  ass^umed  to  be  $30  per  kilowatt.   A  transmission  charge  of 
$2.90  per  kilowatt  was  calculated  for  off-peak  power.   Although  the  annual 
cost  for  an  off-peak  system  appears  to  be  slightly  less  than  that  for  a 
continuous  system,  a  continuous  pumping  system  was  used  in  the  analysis  of 
conveyance  cost  that  follows. 

CIJART  I: 

This  chart  presents  the  estimated  costs  of  pumping  plant  and 
appurtenant  facilities  related  to  conveyance  capabilities.  This  chart 
includes  the  cost  of  povrerplant  and  substation.  Pumping  plant  costs 
were  developed  from  USBR's  Appendix  A  data  for  powerplants.  Annual  costs 
of  substations  and  puraping  plants  and  capital  costs  of  substations  were 
taken  from  curves  developed  from  Federal  Power  Commission  data  by  the 
Northern  Branch  of  the  Department  of  Water  Resources.  These  costs  do  not 
include  charges  for  puraping  power  and  energy. 

CHART  J: 

'This  chart  shows  the  relationship  between  estimated  annual 
costs  for  power  and  energy  and  conveyance  capacity.  A  fixed  relation- 
ship between  conveyance  capacity  and  tunnel  diameter  vras  assumed  and  is 
shown  on  the  chart.   The  value  of  energy  was  assumed  to  be  three  mills 
per  kilowatt  hour.   The  cost  of  power  was  assumed  to  be  $30  per  kilowatt. 
These  figures  are  under  study. 

CHART  K: 

This  chart  shows  the  relationship  between  total  annual  and 
capital  costs  of  conveyance  and  conveyance  capability.   The  costs  of 
tunnel,  puraping  plant,  substation,  penstock,  surge  tank,  and  intake  s 
structures  are  included  in  the  capital  cost.  These  costs  contain  a  factor 
of  15  percent  for  engineering  and  administration,  and  I5  percent  for 
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contint^encies.  Annual  costs  include  the  capital  recovery  and  annual  opera- 
tion^ maintenance,  replacement,  and  general  expense  for  the  above  items, 
plus  the  annual  charges  for  power  and  energy. 

CliART  L: 

Chart  L  presents  the  estimated  unit  costs  of  conveying  water 
from  Jarbow  Reservoir  to  English  Ridge  Heservoir.  This  chart  includes  all 
costs  of  conveyance  to  four  different  elevations  of  English  Ridge  Reservoir. 

CHART  M: 

Chart  M  presents  the  capital  cost-annual  yield  data  for  the 
entire  system.   This  would  include  the  capital  costs  of  Spencer  and  Jarbow 
Reservoirs  and  all  conveyance  facilities.  Only  one  curve  is  shown,  although 
the  capital  costs  vary  somewhat  with  the  size  of  English  Ridge  Reservoir. 
This  variation  is  not,  however,  large  enough  to  be  shown  on  this  scale. 

CHART  N: 

Chart  N  shows  the  unit  costs  of  annual  exportable  yield  delivered 
to  N'arious  sizes  of  English  Ridge  Reservoir.  The  optimum  cost  for  develop- 
ing water  and  exporting  it  to  English  Ridge  Reservoir  is  in  the  $10.50  to 
$12.00  range  for  nearly  all  possible  sizes  of  English  Ridge  Reservoir. 
This  optimax  yield-cost  relationship  takes  place  at  a  yield  of  i+UO,000 
acre-feet. 

The  relationships  shown  on  the  above  charts  are  very  sensitive 
to  changes  in  cost  data.  Since  these  data  are  currently  under  study,  con- 
clusions should  be  viewed  in  the  light  of  this  fact  and  other  assumptions 
made . 
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DEPARTMENT   OF    WATER    RESOURCES 
NORTH    COASTAL  AREA  INVESTIGATION 


ALTERNATIVE  PLANS  FOR  DEVELOPMENT 

OF  MIDDLE   FORK   EEL  RIVER 

PLAN  A 


PLATE  16 

ALTERMTE  PLAMS  FOR  DEVELOPMENT  OF  THE 

MIDDLE  FORK  OF  THE  EEL  RIVER  -  PLAN  B 

Water  Developed  in  Dos  Rios  and  Spencer  Reservoirs 

Diverted  to  English  Ridge  Reservoir 

The  purpose  of  this  plate  is  to  summarize  costs  and  other 
pertinent  data  related  to  diversion  of  mddle  Fork  Eel  River  flows  to 
English  Ridge  Reservoir.  A  basic  assumption  in  the  development  of  this 
plate  was  that  Round  Valley  would  be  protected  from  inundation. 

Four  possible  reservoirs  were  considered  in  the  plan  of  a  pumped 
diversion  from  the  Middle  Fork  Eel  to  English  Ridge  Reservoir.  They  are: 
Spencer,  Etsel,  Jarbow,  and  Dos  Rios.  Elk  Creek  Reservoir  was  eliminated 
from  consideration  by  earlier  work  depicted  on  Plate  15.  Jarbow  and  Dos 
Rios  Reservoirs  can  either  be  built  as  single  units  which  would  have  large 
storage  and  appurtenant  works  (Mill  Creek  Dam,  Franciscan  Dair.,  and  Round 
Valley  Drainage  Tunnel)  to  protect  the  valley,  or  they  could  be  built  as 
relatively  small  storage  units  which  would  be  combined  with  the  alternative 
Spencer  or  Etsel  Reservoirs  upstream. 

The  plan  presented  on  this  plate  is  based  on  "on-peaK"  or  con- 
tinuous p\jmping,  which  is  equivalent  to  delivery  of  water  to  English 
Ridge  Reservoir  on  a  uniform  monthly  schedule.  For  purposes  of  this 
analysis,  English  Ridge  Reservoir  was  assui;ied  to  be  constructed  to  a  capa- 
city of  1,800,000  acre-feet,  normal  '/rater  surface  elevation  1,69$  feet. 
Data  on  Plate  15  can  be  used  as  a  basis  for  estimating  cost  of  diversion 
to  various  capacities  of  English  Ridge  Reservoir. 

Plate  17  of  this  series  presents  a  comparative  arialysis  of  a 
gravity  diversion  and  a  pumped  diversion  from  the  Middle  Fork  to  English 
Ridge  Reservoir,  under  the  assumption  that  Round  Valley  would  be  inundated 
by  a  large  Dos  Rios  Reservoir. 

CHART  A: 

This  chart  presents  area-elevation-capacity  data  for  Spencer 
Reservoir.  These  relationships  were  developed  from  the  Department  of 
Water  Resources'  Upper  Etsel  Reservoir  map  dated  January  J,   195^-  The 
scale  of  this  map  is  1-inch  =  400  feet,  and  the  contour  interval  is  20 
feet. 
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CHART  B: 

This  chart  presents  area-elevation-capacity  data  for  Etsel 
Reservoir.  These  relationships  were  developed  from  the  Department  of 
Water  Resources'  Dos  Rios  Reservoir  map  dated  November  1959^  and  the 
Etsel  Reservoir  map  dated  August  1959'  The  scale  of  these  maps  is  1-inch 
=  i+OO  feet,  and  the  contour  interval  is  20  feet. 

CHART  C: 

This  chart  presents  area-elevation-capacity  data  for  a  Jarbow 
Reservoir  which  would  not  inundate  Round  Valley.  The  discontinuity  shown 
on  the  chart  is  based  on  the  ass\imption  that  for  reservoir  levels  of 
elevation  1,325  and  below,  no  Mill  Creek  Dam  would  be  built.  The  inser- 
tion of  Mill  Creek  Dajn  in  order  to  prevent  inundation  of  Round  Valley 
at  reservoir  levels  in  excess  of  elevation  1,325,  causes  a  loss  of 
reservoir  storage  below  elevation  1,325  which  results  in  the  delineated 
discontinuity.  Most  of  these  data  were  developed  from  the  Department  of 
Water  Resources'  Dos  Rios  Reservoir  map  dated  November  1959^  ^^'^   "the  Etsel 
Reservoir  map  dated  August  1959'  A  small  portion  of  the  area,  particularly 
that  between  elevations  1,300  and  1,325  in  Round  Valley,  was  derived  from 
1:62,500  scale  USGS  quadrangles,  with  a  contour  interval  of  50  feet. 

CHART  D: 

This  chart  presents  area-elevation-capacity  data  for  a  Dos 
Rios  Reservoir  which  would  not  inundate  Round  Valley  at  reservoir  levels 
in  excess  of  elevation  1,325.  The  reasons  for  the  existence  of  a  discon- 
tinuity in  these  data  and  the  maps  used  are  the  same  as  those  given  in 
the  description  of  Chart  C. 

CHART  E: 

This  chart  presents  estimated  capital  and  annual  cost-storage 
capacity  relationships  for  Spencer  and  Etsel  Reservoirs.  Cost  estimates 
for  Spencer  Reservoir  are  available  at  gross  storages  of  300,000,  500,000, 
580,000,  700,000,  and  900,000  acre-feet.   Cost  estimates  for  Etsel  Reser- 
voirs are  available  at  gross  storages  of  880,000,  1,150,000,  and  l,i<-10,000 
acre -feet.  Estimates  for  capital  costs  include  allowances  of  I5  percent 
for  engineering  and  project  administration  charges  and  I5  percent  for 
contingencies.  Estimates  for  equivalent  annual  costs  include  allowances 
for  project  operation,  maintenance,  replacement,  and  capital  recovery 
at  4  percent  interest  for  a  50-year  period. 
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CHART  F: 

This  chart  presents  estimated  capital  and  annual  cost-storage 
capacity  relationships  for  Jarbow  and  Dos  Rios  Reservoirs.   Cost  Estimates 
for  Jarbow  Reservoir  are  available  at  gross  storages  of  200,000,  285, OOC^ 
750,000,  1,760,000,  and  3,100,000  acre-feet.  Cost  estimates  for  Dos  Rios 
Reservoir  are  available  at  gross  storages  of  14-30, 000^^  595, 000^*,  500,000, 
1,900,000,  and  3, i+ 30, 000  acre-feet.  The  discontinuities  shown  art  the 
result  of  the  previously  discussed  discontinuity  in  storage-capacity 
elevation  data,  and  a  concurrent  discontinuity  in  costs  which  result  from 
the  abrupt  addition  of  the  cost  of  Mill  Creek  Dam  and  Round  Valley  Drain- 
age Tunnel  at  normal  water  surface  elevation  1,325.   Capital  and  annual 
costs  include  the  allowances  discussed  -under  the  heading  "Chart  E". 

CHART  G: 

This  chart  delineates  the  relationship  between  unit  cost  of 
storage  and  active  storage  for  the  four  reservoirs  under  consideration. 
Inactive  storages  are  as  follows: 


o      .     :   Inactive  Storage 
Reservoir         ,     ^  ^\ 
\ (acre-feet  J 

Spencer  20,000 

Etsel  20,000 

Jarbow  120,000 

Dos  Rios  31+0,000 

The  20,000  acre-feet  of  inactive  storage  at  Spencer  and  Z^sel 
Reservoirs  was  based  on  a  reconnaissance  estimate  of  storage  required  for 
sediment.  The  inactive  storage  for  Jarbow  and  Dos  Rios  Reservoirs  corre- 
si)onds  to  an  elevation  of  1,275  feet.  This  minimum  pool  elevation  was  set  to 
establish  a  reasonable  location  for  the  pumping  plant. 

The  relatively  higher  unit  costs  of  storage  at  Etsel  and  Jarbow 
Reservoirs  indicate  elimination  of  these  reservoirs  from  further  considera- 
tion within  this  context,  since  the  yield-storage  relationships  for  these 
reservoirs  are  assumed  to  be  identical  to  those  for  Spencer  and  Dos  Rios, 
respectively. 
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CHART  H; 

This  chart  presents  firm  water  yield-storage  capacity  data  for 
Spencer  Reservoir,  the  accretion  below  Spencer  Reservoir  to  Dos  Rios 
Reservoir,  and  a  combination  of  the  two  reservoirs.   Curve  A  represents  the 
storage-yield  relationship  for  a  combination  of  Spencer  and  Dos  Rios 
Reservoir.   Inflows  were  developed  by  a  combination  of  correlation  and 
area-precipitation  techniques.  For  this  analysis,  natural  flows  were  con- 
sidered to  be  depleted  by  a  release  of  5^^000  acre-feet  for  fisheries  and 
26,000  acre-feet  for  consumptive  use  in  Round  Valley.   Curve  B  delineates 
the  storage-yield  relationship  for  Spencer  Reservoir.   Inflows  were 
developed  from  correlation  with  existing  record  of  natural  flov^s .   The 
estimated  26,000  acre-feet  of  annual  consumptive  use  in  Round  Valley, 
which  was  distributed  on  an  irrigation  schedule,  was  then  subtracted 
from  these  natural  flows.   Curve  C  is  based  on  the  same  data.   It  is, 
however,  based  on  a  power  demand  schedule  corresponding  to  generation  of 
2,630  kilowatt  hours  per  kilov/att  per  year.  All  other  curves  are  based 
on  a  uniform  demand  schedule  without  deficiencies.   Curve  D  is  based  on 
the  accretions  between  Spencer  and  Dos  Rios  Reservoirs  less  an  annual  re- 
lease of  5^,000  acre-feet  for  fisheries. 

The  storage-yield  relationships  were  corrected  for  evaporation 
by  use  of  an  empirical  expression: 

C  =  E  X  [0.60  (MA  -  LA)  +  la] 

where, 

C  =  Annual  evaporation  correction  during  critical  period 
of  reservoir  operation. 

E  =  Annual  evaporation  rate  (assumed  to  be  2.5  feet) 

MA  =  Area  of  maximum  pool 

LA  =  Area  of  minimum  pool 

CHART  I: 

This  chart  presents  data  on  the  annual  unit  cost  per  acre-foot 
of  yield  as  related  to  the  annual  quantity  of  yield  developed.   Curve  A  is 
based  on  operation  of  a  powerplant  at  Spencer  Dam  at  a  50  percent  capacity 
factor  which  approximates  a  uniform  schedule  on  a  monthly  basis.   Minimum 
power  pool  was  established  so  that  minimum  head  was  65  percent  of  design 
head,  or  about  50  percent  of  maximum  head.   Reservoir  costs  and  power  costs 
and  revenues  are  included.   Curve  B  delineates  the  unit  cost  of  yield  if  no 
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powerplant  is  built.   Cur\'e  C  gives  the  unit  cost  of  yield  if  a  powerplant 
at  Spencer  is  operated  on  a  30  percent  load  factor.  Values  of  $26.30  per 
kilowatt-year  and  $.0033  Per  kilowatt  hour  were  used  for  power  and  energy 
developed  on  50  percent  capacity  factor,  in  order  to  evaluate  the  trans- 
mission cost  savings  possible  from  the  coordination  of  this  development 
with  the  Elk  Creek  Pumping  Plant.  These  savings  are  not  possible  when  a 
30  percent  capacity  factor  is  considered,  because  more  capacity  wo'xLd  be 
generated  at  Spencer  than  is  required  at  the  pumping  plemt,  and  conse- 
quently, the  transmission  liability  would  have  to  be  included. 

CHART  J: 

This  chart  presents  data  for  a  powerplant  at  Spencer  Dam  operated 
on  a  50  percent  load  factor.  Costs  were  taken  from  data  prepared  by  the 
North  Coastal  Area  Investigations  Unit.  Revenue  was  based  on  rates  of 
$26.30  per  kilowatt  per  year  and  $.0033  per  kilowatt  hour.  The  validity 
of  these  rates  is  discussed  above. 

CHART  K: 

This  chart  presents  the  annual  unit  cost  of  yield  referenced  to 
Dos  Rios  Reservoir.   If  Dos  Rios  Reservoir  is  limited  to  a  normal  water 
surface  elevation  of  1,325,  which  is  the  assumption  on  this  chart,  the 
yield  potential  is  limited  to  about  225,000  acre-feet  annually.  To 
develop  more  yield,  Spencer  Reservoir  must  be  added.  The  effect  of  an 
optimum  Spencer  development  (see  Chart  j)  and  a  Dos  Rios  Reservoir,  which 
is  limited  in  size,  is  shown. 

CHART  L: 

This  chart  presents  storage-yield  data  which  are  assumed  to  be 
applicable  to  both  Dos  Rios  and  Jarbow  Reservoirs.  Natural  flows  were 
developed  by  combination  of  area-precipitation  data  and  correlation 
techniques.  Since  Round  Valley  would  be  provided  with  a  drainage  outlet, 
85  percent  of  the  flows  of  Mill  Creek  would  not  accrue  to  the  reservoir. 
However,  they  would  be  used,  whenever  available,  to  meet  the  ajinual 
release  of  5^,000  acre-feet  required  for  fisheries.  The  balsmce  of  the 
fish  requirements  and  the  estimated  annual  consumption  of  26,000  acre- 
feet  of  irrigation  water  for  Round  Valley  would  be  met  from  natural  in- 
flows remaining  after  the  Mill  Creek  subtraction.  The  storage-yield  data 
were  corrected  for  evaporation  losses  as  described  for  Chart  H. 
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CHART  M; 

This  chart  delineates  the  relationship  between  the  annual  unit 
cost  of  yield  and  the  anniial  yield  for  Dos  Rios  Reservoir.  In  this  context, 
Dos  Rios  Reservoir  works  include  Dos  Rios  Dam,  Mill  Creek  Dam,  Franciscan 
Dam,  and  the  Round  Valley  Drainage  Tunnel.  These  are  the  works  necessary 
to  protect  Round  Valley. 

CHART  N: 

The  following  table  indicates  the  component  features  and  other 
cost  data  or  sources  of  data  for  the  diversion  system: 

Feature        [  Cost  Data 

T-onnel  Curve  by  Nort;hern  Branch,  Desi.rn  Unix 

rer-sooc.'".  and  intake   Approxi;:£ted  by  ra-cio  of  tunnel  costs 

Pui-ping  planx        From  daxa  developed  by  Mr.  L.  A.  Brown 

for  the  North  Coastal  Area  Investigation 

Substation  $15  per  kilowatt 

1-ower  $29.30  per  kilo-'.s'att-year 

Energy  $.0033  per  kilowatt  hour 

Allowances  for  cost  of  engineering,  contingencies,  and  administration  were 
made,  where  applicable.   It  vras  ass-jmed  that  the  diversion  would  be  to  an 
English  Ridge  Reservoir  having  a  normal  water  surface  elevation  of  approxi- 
mately 1,690  feet  and  an  average  water  surface  €le\'ation  approximating 
1,035  feet. 

CHART  0: 

This  chart  delineates  the  Einnual  cost  per  acre-foot  of  conveying 
water  to  English  Ridge  Reservoir  from  both  of  vj-ddle  Fork  Eel  River 
development  systems  herein  considered.   Tnese  data  were  obtained  by  division 
of  the  ar^ual  cost  data  of  Chart  N  by  the  appropriate  annual  yield. 

CHART  I : 

This  chart  presents  the  summation  of  capital  and  arjiual  costs  for 
diversion  and  reservoir  development  for  the  yield  range  -under  consideration. 
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CHART  Q: 

This  chart  shows  the  unit  costs  of  annual  exportable  yield 
delivered  to  English  flidge  Reservoir.  The  optimum  unit  cost  appears  to 
be  slightly  in  excess  of  $11  for  both  plans.  The  yield  of  the  plan  combin- 
ing Spencer  and  a  limited  Dos  Rios  Reservoir  would  be  about  14-70,000  acre- 
feet,  while  the  yield  of  a  large  Dos  Rios  Reservoir  at  minimuir.  unit  cost 
would  be  about  665,000  acre-feet. 
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CHART  E 

:SERVOIR  COST- CAPACITY  RELATIONSHIPS 
SPENCER   AND  ETSEL  RESERVOIRS 


CHART  F 

RESERVOIR  COST-CAPACITY  RELATIONSHIPS 
JARBOW  AND  DOS  RiOS  RESERVOIRS 
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CHART   L 

STORAGE -YIELD   DATA 
JARBOW  OR   DOS   RIOS   RESERVOIR 
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RECONNAISSANCE    SUMMARY  OF  COST  FOR  THE    DEVELOPMENT 
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ALTERNATIVE  PLANS  FOR  DEVELOPMENT 

OF  MIDDLE   FORK  EEL  RIVER 

PLAN   B 


PLATE  17 

ALTERI^TIVE  PLANS  FOR  DEVELOPMENT  OF  THE 

MIDDLE  FORK  OF  THE  EEL  RIVER  -  PLAN  C 

Water  Developed  in  Dos  Rios  Rese^rvoir 

Diverted  to  English  Ridge  Reservoir  by  Gravity  and  by  Pumping 

The  purpose  of  this  plate  is  to  sunmarize  costs  end  other  perti- 
nent data  for  two  possible  plans  of  developing  the  Middle  Fork  Eel  River 
by  way  of  English  Ridge  Reservoir.  The  data  presented  on  the  plate  are 
based  on  the  assumption  that  Round  Valley  would  be  inundated.  We  do  not 
presently  contemplate  the  future  inundation  of  Round  Valley.  However,  to 
permit  an  objective  comparison  of  alternatives,  the  benefits  and  detriments 
of  a  large  reservoir  which  would  flood  the  valley  m\ist  be  evaluated. 

Plates  15  and  16  of  this  series  present  analyses  of  plans  for 
developing  the  Middle  Fork  by  way  of  English  Ridge  Reservoir  with  Round 
Valley  protected.  Plate  I5  presents  Plan  A,  which  is  an  analysis  of  a 
system  involving  Spencer,  Jarbow,  and  Elk  Creek  Reservoirs  with  pumped 
diversion  to  English  Ridge.  Plate  I6  presents  Plan  B,  which  is  an 
analysis  of  a  system  with  alternative  upstream  Middle  Fork  developments 
of  Spencer  or  Etsel  and  pumped  diversion  from  either  Jarbow  or  Dos  Rios 
Reservoirs. 

This  plate  summarizes  Plan  C,  which  is  an  analysis  of  the 
following  alternative  methods  for  diversion  to  English  Ridge:   (l) 
gravity  diversion  from  a  large  Dos  Rios  Reservoir,  or  (2)  pumped  diver- 
sion from  a  smaller  Dos  Rios  Reservoir.  The  analysis  of  the  pumped 
diversion  plan  is  based  on  "continuous"  or  "on-peak"  pumping. 

The  analysis  of  alternative  diversion  methods  presented  in 
this  plate  was  originally  made  using  Jarbow  Reservoir  rather  than  Dos 
Rios  Reservoir.  That  analysis  was  completed  in  July  19^2,  and  was 
sxjinmarized  on  then  Plate  I6.  Data  available  at  that  time  indicated  the 
Dos  Rios  Reservoir  would  cost  about  10  percent  more  thaji  Jarbow  Reservoir. 
However,  in  December  19^2,  the  Northern  Branch  Design  Unit  completed  their 
preliminary  cost  estimates  for  the  two  projects  which  indicated  that  Dos 
Rios  is  a  more  favorable  development  than  Jarbow.  The  analysis  has 
therefore  been  revised  to  include  Dos  Rios  Reservoir  and  is  being  sum- 
marized as  Plate  17 • 
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CHART  A; 

This  chart  presents  area-elevation-capacity  data  for  Dos  Rios 
Reservoir.  These  relationships,  below  elevation  about  1,500  feet,  were 
developed  from  topographic  maps  compiled  by  Messrs.  Haramond,  Jensen,  and 
Wallen,  to  a  scale  of  one  inch  equals  1,000  feet,  contour  interval  of  20 
feet,  dated  February  1950.  U.  S.  Geological  Survey  quadrangle  maps,  scale 
1:62,500,  with  contour  intervals  of  50  and  100  feet,  were  used  for  the 
portion  above  elevation  1,500  feet,  including  Round  Valley. 

CHART  B; 

This  chart  presents  reservoir  yield-storage  capacity  data  for 
Dos  Rios  Reservoir.  Runoff  data  for  Dos  Rios  damsite  were  revised  in 
May  1962.  The  revised  data  were  used  in  this  study  and  are  included  in 
the  office  report,  "Estimates  of  Full  Natural  Flows  in  the  Eel  River 
Basin" . 

Releases  for  the  purpose  of  fisheries  enhancement,  amounting  to 
5^,000  acre-feet  per  year,  were  provided  on  the  following  schediile: 


Release 

in 

Release  in 

Month 

1,000  A. 

£1 

Month 

1,000  A.F. 

Oct. 

6.0 

Apr. 

1+.2 

Nov. 

6.0 

May 

k.2 

Dec. 

6.0 

J\ine 

k.2 

Jan. 

6.0 

July 

2.k 

Feb. 

6.0 

Aug. 

2.k 

Mar. 

k.2 

Sept. 

2.1+ 

The  storage-yield  relationships  were  corrected  for  evaporation 

by  use  of  an  empirical  expression: 

C  =  E  X  [0.60  (MA  -  LA)  +  la] 

Where, 

C  =  Annual  evaporation  correction  during  critical  period 
of  reservoir  operation. 

E  =  Annual  evaporation  rate  (assumed  to  be  2.5  feet). 

MA  =  Area  of  maximum  pool. 

LA  =  Area  of  minimum  pool. 
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The  storage-yield  relationships  were  plotted  vrith  gross  reservoir 
capacity  as  abscissa,  rather  than  active  capacity,  to  graphically  illus- 
trate the  substantisQ.  difference  in  inactive  storage  requirement  between 
the  alternative  diversion  plans. 

CHART  C: 

This  chart  presents  reservoir  cost-storage  capacity  data  for 
Dos  Rios  Reservoir.  The  curve  was  based  on  designs  and  cost  estimates 
of  three  dams.  The  corresponding  normal  water  surface  elevations  and 
reservoir  capacities  are: 

N.W.S.  ELev.     Capacity  in     Capital  Cost 
in  Feet        Acre-Feet      in  $1,000,000 

1,300  14-50,000       $  18.2 

1,500       4,000,000       69.2 

1,600         7,500,000         93.6 


These  cost  estimates  reflect  the  Round  Valley  property  estimates  made  in 
March  I962  by  the  Acquisition  Section,  and  include  adjustments  made  on 
January  I963  for  projected  increase  of  property  value  in  Round  Valley  to 
the  year  i960. 

CHART  D; 

This  chart  presents  the  unit  capital  cost  of  storage  in  Dos 
Rios  Reservoir.  The  curve  is  plotted  against  gross  reservoir  capacity 
to  be  consistent  with  the  other  charts  on  this  plate. 

CHART  E: 

This  chart  presents  a  comparison  of  the  annual  unit  cost  of 
firm  exportable  yield  in  Dos  Rios  Reservoir  for  the  gravity  and  for  the 
pumping  plan. 

The  cost  handicap  imposed  by  the  enormous  amount;  i.e.,  U-, 600,000 
acre-feet  of  inactive  storage  in  the  gravity  plan,  carries  completely 
through  the  analysis  aind  is  reflected  in  the  final  unit  cost  curves.  A 
dam  about  620  feet  high  would  be  required  to  impound  this  inactive 
storage  alone.  A  pertinent  consideration  Is  that  it  may  take  five  or 
more  years  to  fill  the  inactive  storage  pool.  Thus,  the  difference  between 
the  pumping  and  gravity  plan  would  be  even  greater  if  the  effect  of  time-of- 
filling  was  included  in  the  analysis. 
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CHART  F: 

This  chart  presents  cost  data  for  the  7-3  niile  long  Elk  Creek 
Tunnel.  Details  of  the  design  and  cost  estimates  are  included  in  the 
report,  "English  Ridge- Jarbow-Upper  Mlna  Connecting  Tunnel".  The  cost 
of  the  tunnel  for  the  gravity  plan  is  directly  frcm  the  report.  The  cost 
of  the  tunnel  for  the  pumping  plem  includes  the  cost  of  an  intake,  pen- 
stocks, gates,  and  appurtenances. 

The  sizing  of  the  tunnel  for  the  gravity  plan  is  based  on  the 
xiniform  anniial  yield  from  Dos  Rios  Reservoir  and  an  assumed  minimum  head 
differential  of  20  feet;  thus  the  setting  of  Dos  Rios  Reservoir  minimum 
pool  elevation  at  1,520  feet  and  English  Ridge  Reservoir  minimum  pool 
elevation  at  1,500  feet.  The  latter  was  set  to  provide  gravity  flow 
through  Garrett  Tunnel,  invert  elevation  1,500  feet.  The  sizing  of 
the  tunnel  for  the  pumping  plan  was  based  on  minimum  cost  from  trial 
combinations  of  tunnel  sizes  and  pumping  installations. 

A  tunnel  10  feet  in  diameter  was  set  as  a  reasonable  minimum 
size  which  would  be  constructed  for  this  distance  of  7*3  miles. 

CHART  G; 

This  chart  presents  capital  and  annual  cost  of  pumping  plants 
and  substations  as  a  function  of  exportable  yield. 

The  pumping  plants  were  sized  on  the  basis  of  "on  peak"  or 
"continuous  pumping"  of  exportable  yield.  The  static  heads  on  the 
plants  were  based  on  the  difference  between  the  average  water  surface 
elevations  in  Dos  Rios  and  English  Ridge  Reservoirs.  Inasmuch  as  monthly 
operations  were  not  run,  the  estimates  of  pijmping  heads  are  quite 
approximate.  However,  pumping  plant  costs  amount  to  less  than  10  percent 
of  the  total  capital  cost  of  the  ptunping  plan,  so  changes  in  pumping  plajit 
heads  will  not  alter  the  final  answer  appreciably. 

The  capital  cost  of  the  pumping  plants  was  computed  from  U.  S. 
Bureau  of  Reclamation  data  (Appendix  A)  on  hydroelectric  plants,  using 
the  following  expression: 

c  =  K  (m)   -90^ 
(h)  .493 

Where,  C  =  Capital  cost  in  one  million  dollars 

K  =  Constant  (2.!+5),  for  2-unit  installations 

MW  =  Installed  capacity  in  megawatts 

H  =  Dynamic  head,  in  feet 
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Costs  from  the  expression  agree  very  closely  with  Bulletin  No.  78 
data  on  pumping  plant  costs. 

Capital  costs  of  substations,  annual  costs  of  operation,  mainte- 
nance, and  general  expense  for  pumping  plemts  and  substations  were  taken 
from  curves  based  on  Federal  Power  Commission  data  on  hydroelectric 
installations . 

The  four  curves  each,  for  capital  aind  ajmual  costs,  correspond 

to  costs  of  installations  required  to  pump  to  various  sizes  of  English 

Ridge  Reservoir.  The  selection  of  these  particular  sizes  correspond  to 

break-points  in  the  English  Ridge  Reseirvoir  storage-yield  curve.  The  four 

sizes  of  English  Ridge  Reservoir,  corresponding  to  the  normal  water  s'xrface 

elevation  shown  on  the  plate,  which  were  used  throughout  this  analysis, 

are  shown  below: 

M.W.S.  Elev.     Storage  Capacity 

1,500  feet  i^lO,000 

1,550  feet  61+0,000 

1,630  feet  1,200,000 

1,690  feet  1,800,000 

A  comparison  between  "off-peak"  and  "continuous  pumping"  is 

presented  as  Chart  G  on  Plate  I5. 

CHART  H; 

This  chart  shows  the  total  capital  and  ajinual  costs  of  con- 
veyance facilities  for  the  pumping  plan  as  a  function  of  conveyance 
capacity.  Cost  of  conveyance  facilities  for  the  gravity  plan  is  simply 
the  cost  of  Elk  Creek  Tunnel,  shown  on  Chart  F. 

The  total  capital  cost  for  the  pvmiping  plan  is  comjxjsed  of  the 
costs  of  Elk  Creek  Tunnel,  Chart  F,  emd  the  pumping  plant,  and  the  sub- 
station. Chart  G.  The  annual  costs,  in  addition  to  those  of  the  tunnel, 
pumping  plant,  emd  the  substation,  include  costs  of  power  and  energy  at 
$29.30  per  kilowatt  of  dependable  capacity  and  $.0033  per  kilowatt -hour. 

CHART  I: 

This  chart  presents  the  estimated  annual  unit  cost  of  conveying 
water  to  various  sizes  of  English  Ridge  Reservoir,  As  might  be  expected, 
the  greater  the  yield,  the  less  the  unit  cost  of  conveyance. 

The  curve  for  the  gravity  plan  is  applicable  for  all  sizes  of 
English  Ridge  Reservoir  with  normal  water  surface  elevations  less  than 
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1,650.  This  limitation  is  imposed  by  the  maximum  practical  size  of  Dos 
Rios  Reservoir  for  which  data  are  available. 

CHART  J; 

This  chart  shows  a  comparison  of  the  total  capital  cost  of 
exportable  yield  delivered  to  English  Ridge  Reservoir,  for  the  gravity 
and  pumping  plans. 

For  the  optimum  gravity  plain,  the  capital  cost  is  about  $137 
million,  divided  on  about  an  80  percent-20  percent  split  for  reservoir 
and  tunnel  cost. 

For  the  optimum  pumping  plan  to  the  largest  size  English  Ridge 
Reservoir,  the  capital  cost  is  about  $90  million,  broken  down  as  follows: 
Dos  Rios  Dam  and  Reservoir,  65  percent;  pumping  plant,  10  percent;  Elk 
Creek  Tunnel,  25  percent. 

The  reason  that  there  is  only  one  curve  shown  for  all  sizes  of 
English  Ridge  Reservoir  is  that  the  dam,  reservoir,  and  tunnel  costs 
ccanprise  about  90  percent  of  the  total  cost,  ajid  these  two  items  are 
nearly  the  same  for  all  sizes.  The  major  change  for  the  various  sizes 
of  English  Ridge  Reservoir  is  in  the  pimping  installation,  and  since 
it  comprises  only  about  10  percent  of  the  total  cost,  there  is  actually 
very  little  difference  in  the  total  costs.  When  plotted  to  a  scale  of 
1-inch  equals  $25  million,  the  difference  is  negligible. 

CHART  K; 

This  chart  shows  the  unit  cost  of  annual  exportable  yield 
delivered  to  various  sizes  of  English  Ridge  Reservoir. 

The  results  indicate  that  pumping  from  the  Kiddle  Fork  is 
probably  more  favorable  than  a  gravity  diversion,  and  that  the  size  of 
English  Ridge  does  not  have  appreciable  influence  on  the  cost. 
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DEPARTMENT  OF  WATER  RESOURCES 
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OF  MIDDLE    FORK   EEL  RIVER 
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PLATE  18 

ALTERNATIVE  PLAUS  FOR  EEL  RIVER  DEVELOPMENT 

Yield  Development  at  English  Ridge,  or  Pressley 

Reservoirs,  or  Both,  With  Pumped  Diversions  From 

the  Middle  Fork  of  the  Eel  River 


Plate  18  was  prepared  to  illustrate  cost-yield  relationships 
when  a  firm  annual  supply  of  water  is  developed  in  English  Ridge  Reservoir 
from  xoinoff  of  the  Main  Stem  euid  Middle  Fork  Eel  Rivers  by  eiltemative 
projects. 

Spencer  and  Jarbow  Reservoirs  would  be  constructed  on  the 
Middle  Fork  Eel,  as  indicated  on  Plate  J.5  of  this  series,  with  Franciscan 
Dam  constructed  on  Short  Creek  to  prevent  the  inundation  of  Round  Valley. 
The  annual  exportable  yield  from  Spencer  ajid  Jarbow  Resei-voirs  would  be 
pumped  through  the  Elk  Creek  Tunnel  into  English  Ridge  Reservoir  on  a 
uniform  schedule. 

Storage  would  be  provided  on  the  Main  Stem  Eel  River  by 
English  Ridge  and  Pressley  Reservoirs  or  by  English  Ridge  Reservoir  only. 
If  Pressley  Reservoir  is  included,  power  facilities  would  be  installed 
at  the  downstream  toe  of  Pressley  Dam,  and  the  maximum  water  surface 
elevation  of  English  Ridge  Reservoir  woiild  be  1,550  feet.  If  English 
Ridge  Reservoir,  only,  is  constructed  on  the  main  Eel,  then  its  capacity 
would  vary  with  the  desired  yield.   It  was  assmned  in  all  cases  in  this 
investigation  that  the  minimum  water  s'orface  elevation  of  English  Ridge 
Reservoir  and  the  inlet  elevation  of  Garrett  Tunnel  would  be  1,500  feet. 

Plates  6  emd  6A  of  this  series  illustrate  the  cost  of  the  con- 
veyance system  (including  power  facilities)  from  English  Ridge  Reservoir 
to  Lake  Berryessa.  Lake  Berryessa  would  provide  rereg\ilation  of  the 
project  yield  prior  to  its  release  to  the  Sacramento  River  Delta. 

Description  of  Data 
CHART  A:  Area-Capacity  Data  -  English  Ridge  Reservoir 

These  data  were  determined  for  the  dajnsite  located  in  Section  6, 
T19N,  R12W,  MDB&M,  with  the  streambed  elevation  at  approximately  l,l80  feet. 

The  water  surface  elevation  vs.  area  data  were  determined  by 
planimetering  the  Department  of  Water  Resources'  Einglish  Ridge  Reservoir 
map,  produced  by  phot ograrame try,  dated  April  19,  19^2,  scale  1:^*800,  with 
contour  intervals  at  20  feet.  The  elevation  vs.  capacity  data  were  com- 
puted by  the  average  area  method. 
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CHART  B;  Area- Capacity  Data  -  Pressley  Reservoir 

These  data  were  developed  for  the  proposed  reservoir  which  would 
be  formed  by  a  dain  at  strearnbed  elevation  1,500  on  the  Main  Stern  Eel 
River,  located  in  Section  3^,  T18K,  RllW,  MDB&M. 

The  water  surface  elevation  vs.  area  data  were  determined  by 
planimetering  the  USGS  quadrangles:  Porno  (scale  1:62,500  contour  interval 
100  feet)  and  Lake  Pillsbury  (scale  1:62,500  contom"  interval  50  feet). 

CHART  C:  Yield-Capacity  Data  -  English  Ridge  Reservoir 

These  data  indicate  the  exportable  yield  vs.  active  capacity 
relationship  of  English  Ridge  Reservoir,  based  upon  the  following  criteria; 

1.  The  storable  inflow  to  English  Ridge  Resejrvoir  woiild 
be  the  present  impaired  spills  over  Van  Arsdale  Dam,  plus  the 
accretions  between  Van  Arsdale  and  English  Ridge  Dams.  The 
exportable  yield  would  therefore  be  an  additional  einnual 
diversion  which  would  not  cause  any  depletion  of  the  yield 
from  existing  or  proposed  reservoirs  on  the  Russian  River 
which  utilize  the  Eel  River  diversion  at  Van  Arsdale. 

2.  The  mandatory  releases  to  maintain  the  Eel  River 
fisheries  would  average  59^500  acre-feet  per  year. 

3.  The  distribution  of  yield  would  be  uniform  as  to 
both  monthly  and  annual  deliveries  without  deficiencies. 

^4-.  The  mean  net  annixal  evaporation  rate  was  estimated 
to  be  2.75  i'eet. 

CHART  D:  Yield-Capacity  Data  -  Pressley  Reservoir 

These  data  indicate  the  annual  yield  vs.  active  capacity  rela- 
tionship of  Pressley  Reservoir  based  uiKJn  the  following  criteria: 

1.  The  storable  inflow  was  considered  to  be  the  full 
natxiral  flow  of  the  Eel  River  at  Pressley  damsite.  The 
anniial  yield  woi£Ld  be  released  through  a  powerplant  into 
English  Ridge  Reservoir  for  diversion  to  the  Russian  or 
Saci*araento  Rivers. 

2.  The  annxial  distribution  of  yield  was  considered  to  be 
uniform  with  the  monthly  distribution  conforming  to  the  following 
power  schedule: 
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Month         KWH/KW        Percent 


Oct. 

200 

7.605 

Nov. 

170 

6.k6k 

Dec. 

180 

e.ekk 

Jan. 

160 

6.081* 

Feb. 

11*0 

5.323 

Mar. 

220 

8.365 

Apr. 

190 

7.221* 

May 

200 

7.605 

Jxine 

260 

9.686 

July 

330 

12.51+7 

Aug. 

3UO 

12.928 

Sept. 

2i+0 

9.125 

Totals 

2,630 

100.000 

Poverplant  Capacity  Factor  =  30  Percent 

3.  The  net  annual  evaporation  rate  was  estimated  to  te 
three  feet. 

CHART  E:  Cost-Capacity  Data  -  English  Ridge  and  Pressley  Reservoirs 

These  data  are  based  on  estimates  which  were  prepared  to  prelim- 
inar;y  standards  by  the  Northern  Branch  Design  Unit. 

The  cost  estimates  were  prepared  for  earthfill  fiFurp.   at  the 
English  Ridge  site  immediately  below  the  junction  of  Old  Woman  Creek  and 
the  Eel  River.  The  dajas  were  sized  for  reservoirs  with  normal  '^ter  sur- 
face elevations  of  1,550,  1,650,  and  1,690  feet,  and  storage  capacities 
of  580,000,  1,300,000,  and  1,720,000  acre-feet,  respectively. 

The  Pressley  Dam  sind  Reservoir  cost  estimates  were  computed 
for  rockfill  dams  which  were  sized  for  reservoir  normal  water  surface  ele- 
vations of  1,900  and  2,000  feet,  and  storage  capacities  of  730,000  and 
1,630,000  acre-feet,  respectively. 

Cost  estimates  for  both  reservoirs  include  an  allowance  of  15 
percent  of  the  estimated  first  cost  for  engineering  emd  overhead  and  a 
contingency  factor  of  15  percent. 

CHART  F;  Pressley  Reservoir  Powerplant 

These  data  indicate  the  capital  cost,  annual  cost,  and  annual 
revenue  that  would  be  attributed  to  power  facilities  of  varying  capeu:ity 
at  Pressley  Dajn.  The  estimates  of  capital  cost  were  prepared  by  the  North 
Coastal  Area  Investigations  Unit  and  include  a  contingency  allowance  of 
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15  percent  and  an  engineering  and  overhead  allowance  of  15  percent.  Power 
revenue  was  considered  to  be  salable  at  the  site  at  $22  per  kilowatt  of 
dependable  capacity  and  three  mills  per  kilowatt  hour  of  usable  energy. 

The  firm  yield  from  Pressley  Reservoir  as  shown  on  Chart  D 
would  be  released  through  the  powerplant  on  the  previously  described 
power  schedule.  It  was  assumed  that  the  operating  range  of  Pressley 
Reservoir  would  be  limited  so  that  the  maximum  head  on  the  powerplant 
woxild  be  125  i)ercent  of  the  design  head,  and  the  minimum  head  on  the  power- 
plant  would  be  70  percent  of  the  design  head. 

CHART  G:  Capital  Cost-Rate  Data  -  New  Yield  from  Middle  Fork 
Eel  River  Delivered  to  English  Ridge  Reservoir 

These  data  are  identical  to  the  data  on  Chart  M  of  Plate  15  of 

this  series.  The  data  indicate  the  capital  cost  when  a  given  annual 

yield  is  developed  by  Spencer  and  Jarbow  Reservoirs  on  the  f^Iiddle  Fork 

Eel  River  and  is  pumped  through  the  Elk  Creek  Tunnel  into  English  Ridge 

Reservoir.  These  data  do  not  include  the  cost  of  English  Ridge  Reservoir. 

CHART  H:  Annual  Cost -Rate  Data  -  New  Yield  from  Middle  Fork 
Eel  River  Delivered  to  English  Ridge  Reservoir 

These  data  are  derived  from  the  data  on  Chart  N  of  Plate  15  of 
this  series.  The  data  indicate  the  annual  cost  when  a  given  annioal  yield 
is  developed  by  Spencer  and  Jarbow  Reservoirs  on  the  Mdddle  Fork  Eel 
River  and  is  pumped  through  the  Elk  Creek  Tunnel  into  English  Ridge  Reser- 
voir. These  data  do  not  include  the  cost  of  English  Ridge  Reservoir. 

CHARTS  I,  J,  AND  K:  Estimated  Cost  of  Middle  Fork  and  Main  Stem 

Eel  River  Development  as  a  Function  of  Firm  Annual  Yield 

These  data,  which  were  derived  from  the  preceding  charts,  in- 
dicate the  estinated  capital  cost,  net  annual  cost,  and  annual  iinit  cost, 
respectively,  of  new  yield  developed  by  Spencer  and  Jarbow  Reservoirs  on 
the  Middle  Fork  and  combined  with  new  yield  from  alternative  projects  on 
the  Main  Stem  Eel  River.  This  firm  annual  yield  would  be  available  in 
English  Ridge  Reservoir  at  the  proposed  Garrett  Tunnel  at  elevation 
1,500  feet. 

Curve  "A"  indicates  the  cost-yield  relationship  of  the  project 
with  English  Ridge  Reservoir  constmcted  to  a  normal  water  surface  ele- 
vation of  1,550  feet  and  Pressley  Reservoir  and  powerplant  also  constructed 
on  the  Main  Stem  Eel  River. 

-310- 


Curve  "B"  indicates  the  cost-yield  relationship  of  the  project 
with  English  Ridge  Reservoir  sized  to  develop  the  desired  new  yield  from 
the  Main  Stem  Eel  River  and  Pressley  Reservoir  and  powerplant  are  not 
included. 


.311- 


ITY  DATA 
OIR 


DATA 

IVER.  DELIVERED 
RES.  (See  Plole   IS 


0  ACRE-rEET 


CHART  0 

RESERVOIR  YIELD -CAPACITY  DATA 
PRESSLEY  RESERVOIR 

JJI  400 

§«» 

q  *°° 

z 
o 

2     100 

z 

I^ 

^^ 

J2| 

"^ 

P 

^ 

y 

■^ 

» 

( 

ru  c«u«<tr«  o\  assMl  field  >rf«  b*M<J  opoit  ib 

c  kilo. 

ill  en 

bomi 

f«j«fd  »  ■Hkuicint  Ac  aaaiUcery  rcqaifmrnu  ot  cite  Ul  <«d 

^.    The  uuimI  diBirib«UM  ol  ri«ld  vu  co«aid«rc4  w  be  MiteM 
•  ith  relrMfB  m  «  typie»l  p«vct  d*»*a4  tcliAdalc.      1              1 
1              1              1              1 

t 

05                     .0                     IS                      JO                    J5 
RESERVOIR   ACTIVE    CAPACITY  IN    1,000.000  ACR£-FE£T 

bo*  Hcacrroira,  the 
inael.    Tbc  proposed  _ 
l|ainc«n(i]r  mffcci 


1,000  ACRE-FEET 


CHART  H 

ANNUAL  COST-RATE   DATA 

NEW  YIELD   FROM   MIDDLE    FORK   EEL   RIVER.  DELIVERED 
8Y  PUMP  DIVERSION  TO  ENGLISH   RIDGE    RES.  (See  Plole  IS) 


The 

1 

e  deu  iBclaoe 

1 

I  ol  Spc»c«  SB 

1 
i  Jubow  fteae 

1 

f 

cj 

>"«" 

.IK.* 

r 

""• 

m 

III 

, 

II 

ENCl 

ISH  f 

IDGf 

»ES 

I.W  s 

1690' 

1630' 
1550' 

k 

^ 

^ 

yl 

>/^ 

/^ 

7 

# 

.# 

1 

^ 

r' 

FIRM  ANNUAL  IMPORT  FROM  JARBOW  RES  IN  1.000  ACRE-FEET 


I 

6T  OF  FIRM 
IIDDLE    FORK  a 
ELOPMENT, 
VERSION   POINT 


" 

d.«i.i 

de.elo 

•cm  m 

I- 

/ 

r» 

// 

y 

« 

iCRE 

FEET 

" 

I  (of  ihc  d«TYlop«tfaE  oalf  ol  ar«  ciporuble  ««wr  auppliei 
ralarcaccd  to  chc  poi*i  of  Jivcraies  to  ibe  SacruBcflW  V«ilrr  aoJ  or  S«a  FtuciM*  No 
Bar  Area.  Eatisatcd  ceau  of  tbe  aipon  ceavefaaca  isciUb«a  oal;  via  Qtmt  Lak«  to 
L«k«  Bvnyraaa  arc  aMMiiwd  oa  Ptaw  6  ol  rUs  Mfim. 


TTw  pteaaU'jr  p(»*rtplai 


e  ai  dgpfdabi*  capacity. 


STATE   OF   CALlFOflNIA 

DEPARTMENT  OF  WATER  RESOURCES 

NORTHERN    BRANCH 

NORTH    COASTAL  AREA  INVESTIGATION 

UPPER    EEL  RIVER   DIVISION 
1964 

ALTERNATIVE    PLANS 
FOR  EEL  RIVER  DEVELOPMENT 

RECONNAISSANCE    SUMMARY  OF  COSTS    WHEN    FIRM  YIELD    IS 

DEVELOPED   BY  ENGLISH  R'DGE    RESERVOIR  AND/OR 

PRESSLEY  RESERVOIR   WITH  A  PUMPED   DIVERSION   FROM 

THE   MIDDLE   FORK   EEL  RIVER 


-1.  -oust  D 


^^            ^-- 

"f"""i<'""" 

r"i"""i  "T'l 

CHART  E 
RESERVOIR   COST-CAPACtTY  DATA 

ENGLISH   RIDGE   AND   PRESSLEY  RESERVOIRS 


„.°^ 

.V 

^^ 

.#^' 

■^■^ 

/ 

/ 

•^':.v.'':.r 

"•;;;•;•. 

,„..„.,»,  .1 .,.,... 

/y 

1  'S 

;'   1  rr 

''/ 

t..s:i.    .'IS   1   !::S 

ESTIMATED  CAPITAL  COST  OF  MIDDLE  FORK 
AND  MAIN  STEM  EEL  RIVER  DEVELOPMENT 
AS  A  FUNCTION  OF  FIRM   ANNUAL  YIELD 


""  ilf|iM^^^'=^-" '■■■'•'■■"  ^ 

/ 

- 

/ 

/ 

/ 

/ 

/ 

/ 

^ 

y 

/ 

0 

^ 

A 

^ 

(2) 

■^ 

1  H 

r^" 

ELEVATIO 

> 

^ 

CAPACIT 

■^ 

> 

s 

ELEVATION 

^ 

N 

/ 

N 

/ 

N 

/ 

'v 

s 

/ 

'"o",;:'.,. .,.. , 

s 

?r;;'i/ViV™.:", 

TOI 

■■"■ 

... 

\ 

i.,.,,,.,n.!!..i,«....,..j 

F.„».»,^:'„,«o.,r 

"" 

"""' 

' 

■'■' 

ESTIMATED  NET  ANNUAL  COST  OF  MIDDLE  FORK 
AND  MAIN  STEM  EEL  RIVER  DEVELOPMENT 
AS  A  FUNCTION   OF  FIRM   ANNUAL  YIELD 


1 

^    "^l'pI».*'k,'B'«'".'."'"  ^''  """  '''"'''^°'"'  ' 

II 

/ 

'/ 

/ 

V 

/* 

'/ 

A 

^ 

/ 

© 

^ 

^ 

^ 

0 

^ 

^ 

_ 

_ 

J 

A 

_ 

J 

CAPITAL  COST-  RATE    DATA 
NEW  YIELD   FROM   MIDDLE   FORK   EEL  RIVER,  DELIVERED 
Y  PUMP  DIVERSION  TO   ENGLISH   RI06E   RES  ISee  Pio-e  i5 


ESTIMATED  ANNUAL  UNIT  COST  OF  FIRM 

EXPORTABLE  YIELD   FROM  THE   MIDDLE   FORK  a 

MAIN   STEM   EEL  RIVER   DEVELOPMENT, 

5  REFERENCED  TO  THE  EXPORT  DIVERSION  POINT 


ri; 

;•;'•. 

,-... 

TJ. 

l"m" 

..... 

0. 

aJ?p^L7'y' 

«"'.'" 

'_""  ^ 

"'"'  ^"'''•^"'"'  • 

"" 

\ 

© 

s 

N 

i 

\ 

^ 

^ 

, 

y 

■ 

^ 

-~, 

_^ 

y 

tV 

>9 

"' 

y 

, 

r\ 

f 

/ 

"'n;7r.\,t:";r;  :r",v;:,'rj'.r:.; 

...n.;»,.„u. 

— 

^ 

^ 

"Z. 

^ 

f;:: 

.J  , 

f] 

— 

"' 

..... 

""• 

..L 

m 

1 

III 

f 

ENG 

ISHH 

lOGP 

les 

w.s 

i 

_ 

■Jk 

^11 

' 

^ 

^ 

/ 

^^ 

^n 

DEPARTMENT   OF   WATER    RESOURCES 
NORTH   COASTAL  AREA  INVESTIGATION 


ALTERNATIVE   PLANS 
FOR  EEL  RIVER  DEVELOPMENT 

RECONNAISSANCE   SUMMARY  OF  COSTS  WHEN   FIRM  YIELI 
OEVELOPEO   BY  ENGLISH  RIDGE   RESERVOIR  AND/Of 
PRESSLEY  RESERVOIR  WITH  A  PUMPED  DIVERSION   FRi 
THE   MIDDLE   FORK   EEL  RIVER 


PLATE  19 
LOWER  EEL  RTVER  PROJECTS 
Sinnmary  of  Reconnaissance  Estimates  of  Costs  and  Yields 

This  plate  was  prepared  to  illustrate  the  cost  versus  yield 
relationship  of  a  possible  reservoir  development  on  the  lower  Eel  River 
and  the  pumping  and  conveyance  facilities  required  to  deliver  the  water 
supply  into  either  Dos  Rios  Reservoir  on  the  Middle  Fork  Eel  River  or 
into  English  Ridge  Reservoir  on  the  Upper  Eel  River.  Table  2  on  page  22 
shows  the  cost  of  the  Grindstone  Creek  tunnel  which  could  convey  the 
water  from  Dos  Rios  Reservoir  into  the  Glenn  Reservoir  Complex  in  the 
Sacramento  River  Basin.  Plate  oA.  presents  the  cost-capacity  relation- 
ship for  an  altenmte  conveyance  system  which  could  deliver  a  given 
amount  of  water  from  English  Ridge  Reservoir  into  Monticello  Reservoir  in 
the  Sacramento  River  Basin. 

In  this  study  the  water  supply  from  the  Lower  Eel  River  would  be 
developed  by  constructing  Sequoia  and  Bell  Springs  Resei'voirs.  Dos  flios 
Reservoir  was  considered  to  have  a  normal  pool  elevation  of  1,325  feet, 
and  English  Ridge  Reseirvoir  was  considered  to  have  a  normal  pool  eleva- 
tion of  1,695  feet. 

In  these  reconnaissance  studies  consideration  was  not  given  to 
the  recreational  and  flood  control  benefits  which  would  be  attributable 
to  Sequoia  and  Bell  Springs  Reservoirs.   In  Api)endlx  "B"  (Recreation 
Reconnaissance  of  the  North  Coastal  Area)  of  Bulletin  No.  I36,  the 
attendance  at  the  two  possible  reservoirs  during  the  years  199*^-2014-0  is 
estimated  to  total  155,5^9^000  visitors.  The  occurance  of  the  great 
Eel  River  flood  in  December  I96U  makes  it  apparent  that  reservoirs  on 
the  lower  Eel  River  may  have  very  significant  flood  control  benefits 
\Aiich  would  reduce  the  cost  of  water  exported  from  the  project. 

CHART  A:  Reservoir  Area-Capacity  Data  -  Sequoia  Reservoir 

These  data  were  determined  for  the  damsite  located  in  Section  6, 

T2S,  Rl+E,  HB&M.  The  streambed  elevation  is  approximately  ll+O  feet. 

The  water  surface  elevation  vs.  area  data  were  detenrdned  by 

plajiimetering  USGS  quadrangle  maps  (scale  1:62,500)  having  a  contour 

interval  of  100  feet.  Allowance  was  made  for  the  impairment  vrtiich  would 

be  caused  by  Bell  Springs  Dam. 
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CHART  B;  Reservoir  Yield-Capacity  Data  -  Sequoia  Reservoir 

The  net  yield  curve  indicates  the  eimoiint  of  water  which  could  be 

exported  from  Sequoia  Reservoir.  The  inflow  was  based  on  accretions  below 

Bell  Springs  damsite. 

It  was  considered  that  cold  water  would  be  released  from  Sequoia 

Reservoir  to  a  fish  hatchery  which  would  be  located  at  the  junction  of  the 

South  Fork  Eel  and  the  main  Eel  Rivers.  Releases  wo\ald  also  be  made  as 

necessary  to  provide  flow  below  the  hatchery  as  indicated  below: 

Flow  Maintained  Below 
Release  to  Hatchery  Hatchery 

April  1  -  September  30   125  cfs      October  1  -  April  30    1,060  cfs 

October  1  -  March  31     175  cfs      May  1  -  June  30  530  cfs 

July  1  -  September  30     l80  cfs 

It  was  considered  in  the  reservoir  operation  study  that  flows  of  the  South 

Fork  Eel  River  coxild  be  utilized  to  provide  as  much  of  the  required  flow 

below  the  hatchery  as  possible  and  that  a  deficiency  of  50  percent  voiiLd 

be  taken  in  fish  releases  during  the  years  192^^  1931^  and  1933- 

No  additional  yield  was  credited  to  Sequoia  Reservoir  for  the 

fish  releases  which  would  no  longer  be  required  from  earlier  constructed 

upstream  reservoirs. 

CHART  C:  Reservoir  Area-Capacity  Data  -  Bell  Springs  Reservoir 

These  data  were  determined  for  the  damsite  located  in  Section  30, 
T24N,  RLhV ,   MDB&M.  The  strearabed  elevation  is  approximately  65O  feet. 
The  water  surface  elevation  vs.  area  data  were  determined  by 
planimetering  USGS  quadrangle  sheets  (scale  1:62,500)  having  contour  in- 
tervals of  50  and  100  feet.  Allowance  was  made  for  the  impairment  caused 
by  Dos  Rios  Dam.  The  data  were  revised  in  May  1963. 

CHART  D:  Reservoir  Yield-Capacity  Data  -  Bell  Springs  Reservoir 

The  reservoir  net  yield  curve  indicates  the  amount  of  water 
which  could  be  exported  annually  on  a  uniform  schedvile.  The  net  yield 
is  based  on  runoff  accretions  belov;  English  Ridge  and  Dos  Rios  Dams.  It 
was  considered  that  Sequoia  Reservoir  would  be  constructed  downstream 
from  Bell  Springs  Dam,  and  fish  releases  would  not  be  made  from  Bell 
Springs  Reservoir. 
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CHARTS  E  AUD  F:  Reservoir  Cost-Capacity  Data  -  Sequoia 
and  Bell  Springs  Reservoirs 

The  cost  curves  are  based  on  a  ran(-e  of  estimates  prepared  to 
reconnaissance  standards  by  the  Northern  Branch  Design  Unit.  The  estimated 
costs  are  based  on  I963  prices,  and  are  for  rockfill  dams  of  ^/arying 
heiglits. 

The  costs  shown  on  Charts  E  and  F  are  for  the  Sequoia  and  Bell 
Springs  Dam  and  Reservoirs  only  ajid  do  not  include  the  cost  of  the  reloca- 
tion of  the  Northwestern  Pacific  Railroad  which  has  been  estimated  at 
$130  million. 

CHART  G:  Cost-Capacity  Data  -  Sequoia-Bell  Springs  P-omping  Plant 

Cost  estimates  of  the  Sequoia-Bell  Springs  Pumping  Plant  were 
made  by  the  North  Coastal  Planning  Unit.  The  plant  was  sized  for  off- 
peak  pumping,  and  the  following  annual  costs  of  electrical  power  were 
used;  off-peak  capacity  at  $0.95/KV/-Yr.  and  off-peak  energy   at  2.00 
mOls/KWH.  These  values  are  taken  from  Table  I  of  the  departmental 
memorandum  of  February  11,  1964,  "North  Coastal  Area  Investigation, 
Value  of  Power  and  Cost  of  Power  for  Pumping",  which  was  prepared  by  the 
Power  Planning  Office. 

Previous  operation  studies  of  Sequoia  and  Bell  Springs  Reser- 
voirs, sized  at  their  optimum  capacities  for  various  yields,  indicated 
that  the  average  punip  lift  would  be  about  36O  feet  regardless  of  the 
desired  amount  of  yield. 

The  basic  pimping  plant  capital  cost  was  increased  by  25  per- 
cent to  include  the  added  cost  of  excavation  at  the  plant.  This  would 
be  required  to  allow  for  the  fluctuation  of  Sequoia  Reservoir  and  maintain 
a  flooded  suction  at  the  pump  intake. 

CHART  H:  Cost-Capacity  Data  -  Bell  Springs-Dos  Rlos  Pumping  Plant 

Cost  estimates  of  the  Bell  Springs-Dos  Bios   Pxanping  Plajit  were 

made  by  the  North  Coastal  Plsmning  Unit.  The  electrical  power  costs 

were  considered  to  be  the  same  as  for  the  Sequoia-Bell  Springs  Pumping 

Plant. 

The  normal  water  surface  elevation  of  Dos  Rios  Reservoir  was 

considered  to  be  1,325  feet,  and  the  minimiam  water  surface  elevation  \ms 

assumed  to  be  1,275  feet. 
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The  total  annual  cost  curve  includes  the  annual  cost  of  power 
for  the  pumping  plant. 

The  basic  pumping  plant  capital  cost  was  increased  by  25  per- 
cent to  include  additional  cost  of  excavation  for  the  plant. 

CHART  I;  Cost-Capacity  Data  -  Elk  Creek  Pumping  Plant 

Cost  estimates  of  the  Elk  Creek  Puraplag  Pleint  were  made  by  the 
North  Coastal  Planning  Unit.  This  pumping  plant  would  operate  on  a  con- 
tinuovis  basis,  ajid  the  power  costs  were  taken  from  the  Power  Office 
memorandum  of  February  11,  196^.  For  unrestricted  pumping,  the  capacity 
cost  was  considered  to  be  $20.6o/KW-Yr. ,  and  the  energy  cost  would  be 
1.00  mill/KWH. 

It  was  considered  that  an  unlined  channel  would  be  constiructed 
on  KLk  Creek  to  connect  Dos  Rios  Resei*voir  with  the  Elk  Creek  Pumping 
Plant.  The  pumping  plant  discharge  pipes  would  lead  to  the  Elk  Creek 
Tunnel  at  an   elevation  of  1,500  feet. 

The  \iDlined  channel  wo\ild  be  two  miles  in  length.  It  would 
have  a  capital  cost  of  $3,000,000  and  an  annual  cost  of  $200,000.  The 
pump  discharge  pipes  would  be  approximately  5^000  feet  in  length,  and 
were  included  with  the  pumping  plant  costs. 

The  basic  pumping  plant  cost  was  increased  by  5O  percent  to 
include  the  cost  of  an  inlet  basin  and  extra  works  associated  with  the 
intEtke  channel. 

CHART  J;  Cost-Capacity  Data  -  Elk  Creek  Tunnel 

Cost  estimates  of  the  Elk  Creek  Tunnel,  with  diameters  of  I5, 
20,  and  25  feet  were  prepared  by  the  Northern  Branch  Design  Unit.  Its 
capacity  would  be  such  that  it  covild  convey  up  to  10  percent  of  the  Lower 
Eel  River  Project's  annual  yield  in  a  single  month. 

The  allowable  head  loss  was  considered  to  be  20  feet. 

The  costs  are  based  upon  a  separate  Elk  Creek  Tunnel  from  that 
which  may  be  included  with  the  earlier  constructed  Upper  Eel  River  Project. 
Economic  studies  indicate  that  separate  tunnels  are  advisable  if  the  Lower 
Eel  River  Project  is  constructed  more  than  16  years  after  the  Upper  Eel 
River  Project. 

A  sum  of  $500,000  was  added  to  the  original  cost  estimate  of 
the  tunnel  to  provide  for  the  cost  of  a  surge  tank. 
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CHART  K:  Capital  Cost  of  Firm  Exportable  Yield 

These  data  were  derived  from  the  previoxisly  described  charts,  and 
indicate  the  total  capital  cost  required  to  develop  the  water  yield  of  the 
lower  main  Eel  River,  amd  export  the  annual  water  supply  to  (l)  Dos  Rios 
Reservoir,  and  to  (2)  English  Ridge  Reservoir. 

CHART  L:  Annvtal  Cost  of  Firm  Exportable  Yield 

These  data  indicate  the  total  annual  cost,  including  all  power 
costs,  of  the  facilities  required  to  develop  and  export  the  lower  main 
Eel  River  water  supply  to  (l)  Dos  Rios  Reservoir,  and  to  (2)  English  Ridge 
Reservoir. 

CHART  M:  Unit  Cost  of  Annual  Firm  Yield 

These  data  are  derived  from  the  previously  described  charts  and 
indicate  the  least  possible  annual  unit  cost  for  the  appropriate  yield. 

The  results  thus  show  that,  if  an  annual  yield  of  1  rr.illion  acre- 
feet  per  year  from  the  lower  main  Eel  River  is  to  be  developed  and  exported 
to  an  English  Ridge  Reservoir  with  a  normal  water  surface  elevation  1,695 
feet,  it  would  require  a  total  capital  cost  of  $U80,000,000  and  a  unit  cost 
of  water  of  $28.00  for  every  acre-foot  imported.  A  breakdown  of  the 
separate  costs  is  as  follows: 

Capital  Cost 

2  dams  and  reservoirs  $270,000,000 

3  pumping  plants  40,000,000 
Railroad  relocation  130,000,000 
1  tunnel  ^^0,000,000 

Total  $U60,000,000 
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PLATE  20 
HUMBOLDT  RESERVOIR  PROJECT 


The  piirpose  of  this  plate  is  to  present  data  on  Humboldt  Reservoir 

and  four  possible  methods  of  exporting  its  yield  to  the  Sacramento  Valley. 

Each  of  the  four  methods  would  require  a  transbasin  tunnel,  with  a  length 
of  from  12-  to  60-miles.  These  tunnels  are: 

A.  Clear  Creek  No.  3 

B.  Cottonwood 

C.  Humboldt  -  Iron  Canyon 

D.  Burnt  Ranch  -  Fiddlers 

Each  route  has  certain  advantages  and  disadvantages  which  are 
discussed  in  the  following  descriptions  of  each  cliart. 

The  Humboldt  Reservoir  Project  on  the  Klamath  River  would  con- 
sist of  one  very  large  reservoir  and  consequently,  repayment  during  the 
demand  build-up  period  could  be  very  difficult.  One  method  of  repayment 
during  this  period  would  be  from  power  benefits  derived  by  utilization  of 
the  great  power  potential  at  Humboldt  Dam.  This  pump- gene rating  plant 
would  have  all  of  its  units  reversible  so  that  up  to  70  percent  of  the 
water  released  for  power  could  be  pumped  back  into  the  reservoir  during 
off-peak  hours.  When  the  water  demand  exceeds  70  percent  of  the  yield, 
straight  pumping  units  would  be  added.  Ultimately,  the  pumping  -onits 
would  have  a  capacity  of  50  percent  of  the  pump-generating  units.  A 
power  development  below  Humboldt  Dam  would  probably  not  be  considered 
feasible,  however,  if  the  most  recently  established  criteria  for  power 
values  had  been  used  in  the  study. 

Description  of  Charts 
CHART  A;  Reservoir  Area  -  Caja-city  Data  -  Humboldt  Reservoir 

The  area  was  planimetered  from  USGS  quadrangles,  scale  1:62,500 
and  contour  intervals  of  50  and  100  feet.  Capacity  was  computed  by  the 
average  end  area  method. 

CHARTS  B  AI^D  C:  Reservoir  Yield  -  Capacity  Data  -  Humboldt  Reservoir 

The  yield  of  Humboldt  Reservoir  was  computed  by  tabular  method 
rather  than  by  actual  operation  studies.  These  yields  were  computed  for 
two  yield  schedules;  Chart  B  is  for  the  uniform  schedule,  and  Chart  C  is 
for  the  power  schedule  (described  in  the  Trinity  Plates). 
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In  each  chart  the  yield  under  four   different  conditions  is 
shown.  Curve  A  applies  to  existing  conditions.  Curve  B  applies  to  con- 
ditions of  ultimate  local  development.  Curve  C  also  ajjplles  to  conditions 
of  ultimate  local  development,  but  with  Helena  and  ELtapom  Reservoirs  in 
operation.  Curve  D  applies  to  the  development  for  C\irve  C,  but  with 
Bximt  Rajich  Reservoir  included. 

CHART  D:  Humboldt  Cost-Capacity  Data  -  Humboldt  Reservoir 

The  Northern  Branch  design  unit  made  three  reconnaissance 
estimates;  these  were  for  dams  with  a  noxTiial  water  surface  elevation  of 
700,  800,  and  900  feet.  The  solid  line  shown  on  the  chart  is  for  these 
estimates  and  all  sizes  in  between.  The  dashed  line  is  for  reservoirs 
with  normal  water  surface  elevations  of  more  than  9<^  feet  or  less  than 
700  feet,  which  are  outside  of  the  range  estimated. 

CHART  E:  Unit  Cost  of  Active  Storage  -  Humboldt  Reservoir 

This  chart  was  developed  from  the  data  shown  in  Charts  A  and  D. 
It  illustrates  how  the  unit  cost  of  the  active  storage  woiold  become 
cheaper  as  the  dam  gets  higher. 

CHART  F:  Unit  Cost-Yield  Data  -  Humboldt  Reseirvoir 

This  chart  shows  the  \init  cost  of  water  from  Humboldt  Reser- 
voir under  existing  and  ultimate  conditions.  The  chart  also  illustrates 
the  difference  between  the  cost  of  water  on  a  uniform  yield  schedule  and 
a  power  schedule.  This  curve  is  a  product  of  curves  B,  C,   and  E. 

CHART  G:  Capital  Cost-Installed  Capacity  Data  - 
Humboldt  Power  Facilities 

This  shows  the  capital  cost  and  installed  capacity  for  any 

yield  between  three  and  seven  million  acre-feet.  For  the  curves  with 

words  "Initial  Phase",  all  units  are  reversible.  For  the  curves  with 

the  words  "Full  Pump  Beuik" ,  «n  units  are  not  only  reversible  but 

additional  straight  pumping  units  are  added  in  order  to  pump  back  the 

entire  yield.  Without  these  additional  units  about  30  percent  of  the 

water  would  be  wasted. 

CHART  H;  Net  Revenue-Net  Unit  Revenue  Data  -  Humboldt  Power  Facilities 
This  chart  shows  the  net  revenue  and  the  net  unit  revenue  for 
Humboldt  Power  Plant,  with  and  without  reversible  units.  Curves  A  and  C, 
without  reversible  units,  are  meaningless  unless  the  water  is  conveyed 
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south  by  some  coastal  means.  This  curve  is  based  on  buying  energy  at  3.3 
mills  and  selling  at  3.0  mills,  and  selling  dependable  capacity  at  $22  per 
kilovatt  per  year. 

CHART  I:  Capital  Cost  and  Diameter  vs.  Yield  -  Export  Tunnels. 

This  chart  shows  the  size  and  cost  of  four  possible  export 
tunnels:  Clear  Creek  No.  3,  Cottonwood,  Humboldt-Iron  Canyon,  and  Burnt 
Ranch-Fiddlers . 

Clear  Creek  Tunnel  No.  3,  represented  by  Curve  A,  would  start 
at  elevation  1,6^0  in  Helena  Reservoir  and  would  discharge  into  Tower- 
house  Reservoir  at  elevation  1,600.   Its  length  would  be  about  12  miles. 
The  sizing  was  determined  in  studies  for  Plate  8.  The  diameter  is  based 
on  the  available  head  with  the  water  surface  elevation  of  Helena  Reservoir 
at  1,650  feet  and  that  capacity  required  during  the  month  of  August  when 
the  average  flow  is  about  5O  percent  greater  than  the  seasonal  average, 
due  to  power  generation. 

Cottonwood  Tunnel,  represented  by  Curve  3,  would  start  at  ele- 
vation 1,500  in  Helena  and  would  discharge  into  Selvester  Reservoir  at 
elevation  1,500.  Tunnel  sizing  was  determined  previously  in  the  studies 
for  a  previous  plate  (Plate  8A),  in  which  the  same  criteria  were  used 
in  determining  the  head  and  design  flow.  The  length  of  Cottonwood 
Tunnel  would  be  20  miles. 

Humboldt-Iron  Canyon  Tunnel,  represented  by  Curve  C,  is  de- 
signed for  uniform  flow.   Its  length  wovild  be  60  miles,  with  an  intake 
elevation  of  6OO  feet  and  an  outlet  elevation  of  400  feet.  These  eleva- 
tions are  fixed  by  the  minimum  pool  elevation  of  Humboldt  Reservoir  and 
the  normal  pool  elevation  of  Iron  Canyon  Reservoir. 

Burnt  Ranch-Fiddlers  Tunnel,  represented  by  Curve  D,  would  be 
35  miles  long,  with  the  intaite  at  elevation  1,200  ajid  the  outlet  eleva- 
tion at  1,000.  The  outlet  elevation  is  fixed  by  the  normal  water  surface 
elevation  of  Fiddlers  Reservoir,  but  the  intake  elevation  could  be  modi- 
fied if  future  studies  indicate  a  more  optimum  elevation.   In  this  study, 
it  was  presumed  that  Burnt  Ranch  Reservoir  would  be  built  only  to  eleva- 
tion 1,200  and  would  have  a  constant  pool  elevation. 

In  using  this  chart,  it  should  be  remembered  that  tunnels  A 
and  B  are  designed  to  carry  50  percent  more  water  for  a  given  yield  than 
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tunnels  C  and  D.  Also  tunnels  A  and  C  would  deliver  the  yield  to  the 
Sacramento  River  above  Iron  Canyon  damsite  and  tunnels  B  and  D  would  de- 
liver the  yield  to  the  Westside  Conveyance  System. 

CHART  J;  Capital  Cost  and  Installed  Capacity  vs.  Yield  - 
Trinity  River  Pximping  Plants 

This  chart  shows  the  cost  and  capacity  of  the  three  pumping 
plants  associated  with  the  Clear  Creek  Tunnel  Route,  for  any  yield  be- 
tween two  and  seven  niillion  acre-feet.  The  table  at  the  bottom  of  the 
chart  shows  the  design  and  average  heads.  The  average  head  at  Ironside 
would  var\-  with  the  average  ^'ater  surface  at  Humboldt  Reser\'oir,  which 
would  also  vary  with  the  desired  yield. 

These  planiis  would  operate  during  the  off-peak  hours,  which 
meajis  they  would  operate  about  one-half  of  the  time. 

The  heads  at  Burnt  Ranch  and  Helena  Fompir-g  Plants  wo'old  be 
fixed  since  Helena  and.   Burnt  Ranch  Reservoirs  wo'old  be  previo-usly  con- 
structed as  part  of  the  Trinity  Project,  and  Ironside  Reseri.'oir  would 
be  laade  only  high  enough  to  get  the  water  to  Burnt  Ranch  Pumping  Plant. 

CHART  K;  Annual  Cost  vs.  Yield  Data  -  Trinity  River  Pumping  Plants 

This  chart  shows  the  annual  cost  for  each  pumping  plant,  and 
the  total  annual  cost  of  all  three,  if  the  Clear  Creek  Tunnel  Route  is 
used.  Pumping  costs  would  be  only  slightly  reduced  in  the  Cottonwood 
Tunnel  Route.  No  pumping  would  be  required  in  the  Humboldt-Iron  Canyon 
Tunnel  Route.   The  Burnt  Ranch-Fiddlers  Tunnel  Route  wo-old  not  require 
a  pumping  plaxit  at  Helena  and  would  require  a  much  smaller  plajit  at  the 
Burnt  Ranch  Dam. 

CHART  L:  Capital  Cost  and  Net  Annual  Revenue  -  Clecr  Creek 
Power  Facilities 

This  chart  presents  the  total  capital  cost  and  the  total  net 

ann'oal  revenue  of  the  Towerhouse,  Whiskeytown,  Kanaka,  Saeltzer  and 

Girvan  Power  Plants.  This  chart  is  pertinent  only  to  the  Clear  Creek 

T-unnel  Route.  The  power  revenue  is  based  on  the  annual  value  of  energy 

at  3  mills  per  kilo'watt-hour  and  capacity  at  $22  per  kilowatt  per  year. 

The  Clear  Creek  -oower  dams  are  ■ores'omed  b'oilt  Drior  to  the  Klamath  nroject. 
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CHART  M:  Capital  Cost  and  Net  Annual  Revenue  - 
Clear  Creek  Power  Facilities 

This  chart  resembles  Chart  L,  except  that  it  applies  to  the 

Cottonwood  Tunnel  Route.  The  cost  of  Selvester  Reservoir  is  included 

with  the  power  facilities. 

CHART  N:  Capital  and  Unit  Cost  of  Water  Delivered  to  Iron  Canyon 
Reservoir  via  Clear  Creek  During  the  Demand  3uild-Up 
Period  (with  and  without  Humboldt  Pump-Turbine  Plant) 

This  chart  shows  hov  much  capital  is  needed  and  wnat  the  annual 
unit  cost  of  water  would  be,  from  a  reservoir  sized  to  yield  6,000,000 
acre-feet  annually,  during  the  period  prior  to  full  utilization  of  its 
yield. 

Initially  only  Humboldt  Reservoir,  Ironside  Reservoir  and 
pumping  plants  sized  for  the  particular  yield  desired  would  be  required 
to  export  '/rater.  The  earlier  constructed  Clear  Creek  rannel  No.  2  woiild 
have  been  sized  to  deliver  the  exportable  yield  fram.  the  Upper  Trinity- 
Mad-Van  Duzen  Development  on  a  power  schedule  with  Helena  Reservoir  at 
minimum  pool.  The  tunnel  wo'old  have  a  capability  of  conveying  3>0<^^000 
acre-feet  of  additional  water  annually  if  flow  is  continuo'os  and  if 
Helena  Reservoir  is  maintained  near  its  normal  pool  elevation  to  provide 
head. 

It  should  be  noted  tnat  when  the  full  yield  is  utilized,  the 
Humboldt  Pump- Turbine  Plant  would  reduce  the  unit  cost  very  little. 
However,  if  the  demand  build-up  period  is  very  long  the  plant  might  be 
a  worthwhile  addition  to  the  development. 

CHARTS  0  AND  P:   (ounmary  Charts)  Capital  and  Unit  Cost  of  Water 
Delivered  to  Iron  Canyon  or  Fiddlers  Reservoir  via  all 
Four  Conveyance  Routes  (without  Humboldt  Famp- Turbine 
Plant) 

These  charts  show  the  total  cost  of  developing  and  delivering 
the  water  to  Iron  Canyon  or  Fiddlers  Reservoir  by  each  of  the  four  tunnel 
routes.  For  Curves  A  and  3  it  was  ass'jmed  Burnt  Ranch  and  Helena  Reser- 
voirs are  previously  constructed.  For  Curve  A  it  was  also  assumed  that 
the  Clear  Creek  power  dams  would  be  existing.  For  Cturves  3  and  D  it  was 
assumed  that  the  Westside  Conveyance  System  and  Glenn  Reservoir  would  be 
existing.  For  Curves  A  and  C  it  was  assumed  that  Iron  Canyon  Reservoir 
would  be  existing. 
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Whether  or  not  Iron  Canyon  Reservoir  is  existing,  has  very  little 
effect  on  these  routes  since  it  would  only  provide  afterbay  storage  for 
Girvan  Power  Plant.  Girvan  Reservoir  could  provide  this  storage;  however, 
Giri^n  Power  Plant  wovild  then  have  to  be  a  base  plant. 

Curve  B,  the  Cottonwood  Tunnel  Route,  and  Curve  D,  the  Burnt 
Ranch-Fiddlers  Tunnel  Route  could  be  utilized  to  deliver  the  water  to  the 
Westside  Conveyance  System,  which  in  turn  would  deliver  it  to  Glenn  Reser- 
voir. Although  the  cost  of  Glenn  Reservoir  and  the  Westside  Conveyance 
System  is  not  included  in  these  curves,  neither  are  the  benefits,  which 
wo\iLd  include  recreation,  fishery  enhancement,  flood  control  and  the  in- 
crease in  the  Humboldt  Resex-voir  Project  yield  through  the  coordination 
with  the  Delta  and  San  Luis  Reservoir. 
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